
Appendix 5.9 
 

 Drainage Concept, Hydrology Study, 
LID/Water Quality Report

Alliance Land Planning & Engineering, Inc.
December 2013

 



DRAINAGE CONCEPT 
HYDROLOGY STUDY 

LID / WATER QUALITY REPORT 

County of Los Angeles 

Entrada 
Tentative Tract No. 53295 

Job No. 0930 

Prepared For: 
Newhall Land & Farming, Co. 
25124 Springfield Ct. Suite 300 

Valencia, CA 91355 

Prepared By: 
Alliance Land Planning & Engineei; 

2248 Faraday Ave. 
Carlsbad, CA 92008 

December 2013 

15

DRAINAGE CONCEPT/HYDROLOGY
STUDY APPROVED

CHECKED BY:                                  RCE NO.                 DATE

APPROVED BY:                                                                DATE
COUNTY OF LOS ANGELES DEPARTMENT OF PUBLIC WORKS

LAND DEVELOPMENT DIVISION

67550 01/16/14
01/16/14



















































































































































































15

DRAINAGE CONCEPT/HYDROLOGY
STUDY APPROVED

CHECKED BY:                                  RCE NO.                 DATE

APPROVED BY:                                                                DATE
COUNTY OF LOS ANGELES DEPARTMENT OF PUBLIC WORKS

LAND DEVELOPMENT DIVISION

67550 01/16/14
01/16/14



15

DRAINAGE CONCEPT/HYDROLOGY
STUDY APPROVED

CHECKED BY:                                  RCE NO.                 DATE

APPROVED BY:                                                                DATE
COUNTY OF LOS ANGELES DEPARTMENT OF PUBLIC WORKS

LAND DEVELOPMENT DIVISION

67550 01/16/14
01/16/14

erivera
Line

erivera
Line

erivera
Line



15

DRAINAGE CONCEPT/HYDROLOGY
STUDY APPROVED

CHECKED BY:                                  RCE NO.                 DATE

APPROVED BY:                                                                DATE
COUNTY OF LOS ANGELES DEPARTMENT OF PUBLIC WORKS

LAND DEVELOPMENT DIVISION

67550 01/16/14
01/16/14



15

DRAINAGE CONCEPT/HYDROLOGY
STUDY APPROVED

CHECKED BY:                                  RCE NO.                 DATE

APPROVED BY:                                                                DATE
COUNTY OF LOS ANGELES DEPARTMENT OF PUBLIC WORKS

LAND DEVELOPMENT DIVISION

67550 01/16/14
01/16/14



15

DRAINAGE CONCEPT/HYDROLOGY
STUDY APPROVED

CHECKED BY:                                  RCE NO.                 DATE

APPROVED BY:                                                                DATE
COUNTY OF LOS ANGELES DEPARTMENT OF PUBLIC WORKS

LAND DEVELOPMENT DIVISION

67550 01/16/14
01/16/14





















































  

 
 
 

WATER QUALITY REPORT 
 
 

for 
 
 

Entrada 
COUNTY OF LOS ANGELES 
Tentative Tract No. 53295 

Job No. 0930 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Prepared For: 
Newhall Land & Farming, Co. 
25124 Springfield Ct. Suite 300 

Valencia, CA 91355 
 
 

Prepared By: 
Alliance Land Planning & Engineering, Inc. 

2248 Faraday Ave. 
Carlsbad, CA 92008 

 
 
 

October 2013 





1111 Broadway, 6th Floor 

Oakland, California 94607 
PH 510.836.3034 

FAX 510.836.3036 

www.geosyntec.com 

 

 

M e mo r a n d u m  

Date: 09 December 2013 

To: Miles Helfrich, Newhall Land 

From: Aaron Poresky, Raina Dwivedi, Kelly Havens, and Lisa Austin, 

Geosyntec Consultants 

Subject: Entrada South – Evaluation of Conformance with Newhall LID 

Performance Standard 

 

1. INTRODUCTION 

The Entrada South Project (Tentative Tract Map (TTM) No. 53295) (Project) includes low 

impact development (LID) best management practices (BMPs) as shown in the 

LID/SUSMP/Water Quality Maintenance Plan Map for Entrada South (Water Quality Exhibit, 

Alliance, 2013). The purpose of this memorandum is to verify that the LID BMPs proposed for 

the Project have been selected and sized in a manner consistent with the Project LID 

Performance Standard as defined by the Los Angeles County Municipal Separate Storm Sewer 

System (MS4) Permit (Order No. R4-2012-0175). The Newhall Waste Discharge Requirements 

(WDRs) (Order No. R4-2012-0139) and the Newhall Ranch Sub-Regional Stormwater 

Mitigation Plan (NRSSMP) (Geosyntec, 2008) also serve as benchmarks for evaluating 

conformance.  

The Project LID Performance Standard establishes three separate conformance metrics, 

including BMP selection, sizing of individual BMPs for each drainage area, and sizing of BMPs 

to provide adequate retention volume or equivalent biofiltration volume at the tract map-scale. In 

summary, this memorandum demonstrates conformance with these three different conformance 

metrics, including: 

 BMP selection analysis. LID BMPs have been selected in a manner consistent with the 

LID selection criteria (i.e., infiltration feasibility criteria) contained in the LID 

Performance Standard;  

 BMP sizing analysis. The combination of parcel-based, regional infiltration/ 

bioinfiltration facilities,  and “green street” facilities provide capture and treatment of at 

least 80 percent of average annual runoff volume for each drainage area within the 

Project, consistent with the LID Performance Standard; and 
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 Tract map-scale retention analysis. The Project provides retention plus equivalent 

biofiltration volume consistent with the retention requirements of the Project LID 

Performance Standard. 

Collectively, these findings, which are supported by the analyses in this memorandum, 

demonstrate that the improvements proposed as part of the Project conform to the applicable 

standards for managing stormwater quality.   

This memorandum also explains why the requirements of the Los Angeles County Department 

of Public Works’ (LACDPW) Development Planning for Storm Water Management, A Manual 

for the Standard Urban Stormwater Mitigation Plan (SUSMP) (Los Angeles County, 2002) and 

the Los Angeles County LID Ordinance and Manual (LACDPW, 2008, 2009) are met or 

exceeded when the Project’s LID Performance Standard is met.  

Section 2 describes the applicable LID Performance Standards which are used to demonstrate 

Project conformance. Section 3 describes the Project’s water quality project design features 

(PDFs). Section 4 demonstrates conformance of the water quality PDFs to each of the three 

conformance metrics identified above.  

2. LID PERFORMANCE STANDARD 

2.1 Newhall WDR LID Performance Standard 

The Newhall WDR (Order No. R4-2012-0139)
1
 was adopted by the Los Angeles Regional Board 

on September 14, 2012. The Newhall WDR does not directly apply to the Project; however, it 

serves as the basis for the Newhall LID Performance Standard and as a benchmark for the 

Project. The Newhall WDR prescribes the LID Performance Standard for the villages within the 

Newhall Ranch (General Conditions, Paragraph 10): 

Each development area within the Resource Management and Development Plan (RMDP) 

shall incorporate the following measures. Development areas within the RMDP site shall 

comply with all applicable regulatory requirements of the Los Angeles County MS4 Permit 

in place at the time of the preparation of the Water Quality Technical Report (WQTR) unless 

an equivalent requirement in the RMDP Clean Water Act Section 401 Water Quality 

Certification and Waste Discharge Requirements (WDR) is more stringent.  Project design 

features shall be selected and sized to retain the volume of stormwater runoff produced from 

                                                 

1
 http://www.waterboards.ca.gov/rwqcb4/water_issues/programs/401_water_quality_certification/Newhall/index.shtml 

http://www.waterboards.ca.gov/rwqcb4/water_issues/programs/401_water_quality_certification/Newhall/index.shtml
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a 1.1 inch storm event
2
 (LID design volume) to reduce the percentage of Effective 

Impervious Area (EIA) to 5 percent or less of the total project area within the Newhall Ranch 

Specific Plan. When it has been demonstrated that 100 percent of the LID design volume 

cannot be feasibly
3
 infiltrated, then biofiltration shall be provided for 1.5 times the portion of 

the LID design volume that is not retained. Runoff from all EIA shall be treated with 

effective treatment control measures that are selected to address the pollutants of concern and 

are sized to capture and treat 80 percent of the average annual runoff volume.  Each village-

level project shall achieve the LID Performance Standard cumulatively, considering the 

retention volume and equivalent biofiltration volume
4
 provided by the project itself and by 

all previous development phases within the RMDP area.  The LID Performance Standard 

shall be implemented as follows: 

Institutional, commercial, multi-family residential, recreation, and park land use parcels shall 

implement retention or biofiltration BMPs within the parcel footprint. Runoff from roofs, 

patios, and walkways in single family residential parcels shall be dispersed over landscaped 

areas to retain runoff. Runoff from the remaining developed area and that which is not 

retained within the parcel footprints shall flow through the storm drain system to the regional 

infiltration/ biofiltration facilities. Based on an assessment of feasibility, one of three BMP 

strategies shall be applied to each project (i.e., village) as follows: 

a. If it is feasible to infiltrate all of the runoff produced from the 1.1 inch storm from the 

developed area (i.e., soil infiltration rates are at least 0.5 inches per hour, and no other 

technical infeasibility concerns exist), infiltration BMPs [Category 1] shall be used. 

Infiltration BMPs include bioretention (without an underdrain), permeable pavement, 

infiltration galleries, infiltration basins or trenches, or an equivalent infiltration BMP. 

b. If it has been demonstrated in the Project WQTR and Drainage Concept Report that the 

BMP strategy of subsection (a), of this condition is infeasible, and if the project has low 

soil infiltration rates (i.e., the soil infiltration rate is less than 0.5 inches per hour), but no 

other technical infeasibility concerns exist, bioinfiltration BMPs [Category 2] shall be 

used. Bioinfiltration facilities are similar to bioretention facilities with an underdrain, but 

they include storage below the underdrain to maximize the volume infiltrated. These 

facilities shall retain a portion of the runoff from the 1.1 inch design storm, then biofilter 

1.5 times the remaining runoff from the 1.1 inch design storm. 

                                                 

2
 The 85th percentile, 24-hour storm depth is equal to 1.1 inches as determined from the Los Angeles County 85th 

Percentile 24-hr Rainfall Isohyetal Map (February 2004). 
3
 Feasibility shall be based on the approved Ventura County Technical Guidance Manual for Stormwater Quality 

Control Measures (7-13-2011)). 
4
 Biofiltration volume shall be equated to retention volume at a ratio of 1.5 (biofiltration) to 1.0 (retention). 
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c. If it has been demonstrated in the Project WQTR and Drainage Concept Report that the 

BMP strategies of subsections (a) and (b) of this condition are infeasible, then 

biofiltration BMPs [Category 3] shall be used. These BMPs shall biofilter the runoff 

produced from the 1.5 times the 1.1 inch design storm. 

Runoff from roadways shall be retained or biofiltered in retention or biofiltration BMPs sized 

to capture the design storm volume or flow, per the guidance in USEPA’s Managing Wet 

Weather with Green Infrastructure: Green Streets. 

No more than 5% of the total project area shall be treated using conventional treatment 

methods that address the pollutants of concern. Media filters (or equivalent BMPs that 

address the pollutants of concern) shall be sized to capture and treat 80% of the average 

annual runoff volume from the allowable EIA. 

Regional facilities shall be implemented to infiltrate or biofilter the runoff volume from the 

1.1 inch design storm volume that has not been retained or biofiltered within parcels, single 

family lots, or road right of ways. Additionally, regional facilities shall be designed to 

provide extended detention treatment for the additional runoff volume required to provide 

80% capture and treatment of the average annual runoff volume for the tributary area to the 

regional facility per the Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation 

Plan treatment performance standard. 

[alternative terminology provided in brackets] 

The WDR requires that Projects also conform to any aspects of the Los Angeles County MS4 

Permit in effect at the time of Project approval that are more stringent than the respective 

provisions of the WDR.  

2.2 Los Angeles MS4 Permit 

The Los Angeles County MS4 Permit (Order No. R4-2012-0175) was adopted by the Los 

Angeles Regional Board on November 8, 2012, and includes an LID Performance Standard that 

differs slightly from the Newhall WDR LID Performance Standard. Notably, the MS4 Permit 

varies from the WDR in that: 

 The MS4 Permit does not include five percent allowable EIA. 

 The MS4 Permit defines biofiltration such that the storage volume provided in such 

systems cannot be less than the stormwater quality design volume (SWQDv), defined as 

the runoff from the 1.1 inch precipitation event.  
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These differences are considered more stringent or equivalently stringent than the Newhall 

WDR, therefore they replace the respective provisions in the Newhall WDR in the Project LID 

Performance Standard. In other respects, the Newhall WDR LID Performance Standard is 

equivalent to that required by the Los Angeles County MS4 Permit, as demonstrated in the 

subsequent sections. The LID Performance Standard for the project is based on the more 

stringent provisions of the 2012 MS4 Permit and the Newhall WDR as illustrated in Figure 1. 

2.3 Newhall Ranch Sub-Regional Stormwater Mitigation Plan 

The approved NRSSMP (Geosyntec, 2008) was developed in 2008 and subsequently amended in 

November 2010 to include the Project area.  The BMP selection and sizing criteria described in 

the NRSSMP were incorporated into the Newhall WDR LID Performance Standard and made 

more stringent as part of this incorporation, therefore the NRSSMP does not establish a separate 

LID Performance Standard for the Project water quality design features proposed as part of this 

Project. 

2.4 Los Angeles County SUSMP 

The LACDPW Development Planning for Storm Water Management, A Manual for the Standard 

Urban Stormwater Mitigation Plan (SUSMP) (Los Angeles County, 2002) specifies a design 

storm volume of 0.75 inches. In comparison, the Newhall WDR LID Performance Standard 

specifies a design storm of 1.1 inches, with an overlaid requirement of capture and treatment of 

at least 80 percent of average annual runoff volume. As such, BMPs sized for the Newhall WDR 

Performance Standard significantly exceed the size of BMPs that would be required for 

compliance the SUSMP.  

2.5 Los Angeles County LID Ordinance 

The Los Angeles County LID Ordinance and Manual (LACDPW, 2008, 2009) specifies that 

BMPs shall be selected to retain the pre-project versus post-project difference in runoff volume 

for the 0.75 inch storm event, where feasible. Where not feasible, treatment BMPs shall be used 

for the remaining volume that cannot be retained. The Newhall WDR LID Performance Standard 

exceeds this standard because it: (1) is based on an equivalent hierarchy of BMP selection (i.e., 

retain where feasible), (2) is based on the full design storm volume rather than the “delta” 

volume, and (3) specifies a larger design storm (1.1 inches versus 0.75 inches). 

3. PROPOSED WATER QUALITY PROJECT DESIGN FEATURES 

The water quality PDFs include parcel-based LID BMPs, “green streets” BMPs, single family 

residential hydrologic source controls, and regional infiltration/bioinfiltration facilities. The 



Entrada South – Conformance with Newhall LID Performance Standard 

09 December 2013 

Page 6 

 

 

sections below describe the water quality PDFs that are proposed as part of the Project and how 

these features have been considered in this conformance analysis.  

3.1 Parcel-Based LID BMPs 

3.1.1 Parcel-based BMP Commitments  

Parcel-based LID BMPs will be implemented within multi-family, commercial, institutional, and 

park/recreation land uses (see Figure 2) as part of the construction of final parcel improvements. 

Parcel-based LID BMPs include infiltration (Category 1), bioinfiltration (Category 2), and 

biofiltration (Category 3) as described in the LID Performance Standard (Section 2.1) and 

illustrated in Figure 1. Three different applications for parcel-based BMPs occur within the 

project, depending on the presence and type of downstream regional BMPs: 

 Where discharge from parcels drains to a downstream regional infiltration system that is 

designed to fully infiltrate runoff up to the 80 percent capture sizing standard, specific 

numeric commitments to parcel-based LID BMPs are not required as part of 

demonstrating conformance. Regional facilities alone meet the numeric commitments of 

the LID Performance Standard. This applies to parcels that drain to Regional Facilities A, 

B, and C. 

 Where discharge from parcels drains to a downstream regional biofiltration/bioinfiltration 

facility that is not a full infiltration facility, parcel-based BMPs are designed for the full 

SWQDv, and their treated discharge is also treated in the downstream regional facility. 

The combined effect of parcel-based BMPs and regional LID facilities meets the full LID 

Performance Standard. This applies to runoff from parcels that drain to Regional Facility 

D.  

 Where discharge from parcels drains to receiving waters without first flowing to a 

regional LID facility (i.e., “stand alone parcel-based BMPs”), these parcel-based BMPs 

are designed to: 1) have a minimum storage volume equivalent to the SWQDv, (2) 

infiltrate to the maximum extent feasible based on parcel-specific infiltration feasibility, 

(3) biofilter 1.5 times the remaining runoff that cannot be feasibly infiltrated from the 1.1 

inch design storm, and (4) achieve 80 percent capture of the average annual runoff. By 

meeting these criteria, these facilities fully meet the LID Performance Standard as 

supported by analyses contained in Appendix A. 

Parcel-based BMPs have been incorporated into the Project Water Quality Exhibit based on 

these criteria. See Figure 3 for infeasibility screening results based on analysis by RTF&A 

(2013) and Figure 4 for the spatial distribution of the parcel-based treatment categories within 
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the Project. Based on these factors and the estimated impervious cover of each parcel, the Project 

includes commitments for specific LID volumes for each parcel (see Figure 4). Newhall Land 

will condition the development of these parcels to require that the volumetric commitments must 

be provided by the developers of the parcels (except as adjusted for imperviousness or as part of 

an approved equivalent approach, as described in Sections 3.1.2 and 3.1.3, below). 

3.1.2 Requirements for Imperviousness Different than Planned 

The final imperviousness of parcel development plans may deviate from the assumptions made 

in this submittal, requiring lesser or greater commitments than shown in Figure 4. Developers of 

parcels shall be required to estimate parcel imperviousness at the final design stage.  

 If imperviousness is less than planned, the developer may adjust volume-based 

commitments downward by the ratio of the final design imperviousness to the planned 

impervious shown in Figure 4. This will result in lower volume commitments. It will also 

result in a credit toward overall lower imperviousness within the tributary to the 

respective regional facility, which will be recorded in a tracking system to be 

administered by Newhall Land (See Section 3.1.4) and made available to parcels that 

have higher imperviousness than planned.  

 If imperviousness is greater than estimated in Figure 4, the developer shall be required to 

adjust parcel-based commitments upward by the ratio of actual imperviousness to 

planned imperviousness. In this case, the parcel-based commitment will be higher. 

Additionally, the developer will be required to obtain a credit from the tracking system 

described in Section 3.1.4 to offset the addition of impervious surface tributary to the 

regional facility. 

3.1.3 Equivalent Options for Complying with Parcel-based Commitments  

Constraints may be identified in the development of parcel plans that render it infeasible or 

impracticable to meet the volumetric commitments shown in Figure 4 within the boundaries of 

the parcel.  Alternative approaches may be used that are consistent with applicable requirements 

and provide equivalent control at the scale of the tributary area to each regional facility: 

 As one option, developers of parcels may enter into agreements with adjacent or nearby 

parcels to provide volume-based commitments in adjacent or nearby parcels. The parcels 

where volume commitments are provided must be within the regional facility tributary 

area as the parcel claiming these benefit and shall be constructed prior to occupancy of 

any parcel that utilizes them for compliance. Parcel-level submittals shall describe how, 

where, and when commitments will be met and how these BMPs will be maintained. 
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 Other equivalent options may be considered for approval with demonstration of 

equivalency and consistency with applicable requirements.  

3.1.4 Tracking System for Parcel-based Commitments 

Newhall Land shall develop and administer a system for tracking parcel-based commitments 

within the tributary area to each regional facility. This system shall track adjustments to 

imperviousness compared to planned imperviousness shown in Figure 4 and shall track 

implementation of parcel-based BMPs in comparison to commitments.  This system shall ensure 

that: 

1) Where parcels have imperviousness greater than shown in Figure 4, other parcels have a 

reduction in imperviousness such that the overall effect is that the imperviousness to the 

regional facility does not increase significantly,  

2) Where parcels provide a portion of volume on adjacent or nearby parcels, total 

commitments are met. 

3.2 Green Streets 

The Project will utilize “green streets” techniques to treat runoff from public right-of-ways in a 

manner consistent with the USEPA’s Managing Wet Weather with Green Infrastructure: Green 

Streets (USEPA, 2008). Two forms of green streets implementation have been incorporated into 

the Project: 

 Where streets are tributary to regional LID facilities, the full requirements of the LID 

Performance Standard will be met in regional LID facilities. Additionally, the Project will 

consider the use of swales, biofiltration, and/or bioinfiltration systems where conditions 

are favorable, however credit for credit for green streets BMPs has not been applied 

toward sizing the regional LID facilities. In other words, the regional facilities have been 

sized assuming that no green streets BMPs will be installed, which is considered 

conservative at this phase of project planning; no specific numeric commitments are 

made for green streets implementation in these areas.  

 For streets that are not tributary to regional LID facilities (i.e., Magic Mountain Parkway 

and adjacent portions of connecting streets), proprietary flow-based biofiltration BMPs 

(e.g., Filterra® or equivalent) have been sized per the criteria specified by the LID 

Performance Standard and the Los Angeles County LID Calculator.  
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3.3 Single Family Hydrologic Source Controls 

Single family residential hydrologic source controls (HSCs) will be implemented across the 

single family residential portions of the Project. These controls will consist primarily of 

disconnecting downspouts to areas of amended soil in the front yards of residences, or an 

equivalent approach. Because benefits of single family HSCs may vary depending on lot size and 

soil conditions, a conservative quantification of effectiveness of HSCs was used as part of sizing 

regional LID facilities. These approaches were not considered at all as part of areas tributary to 

Facility A, B, and C. They were evaluated in a conservative manner as part of sizing of Regional 

Facility D. The covenants, codes, and restrictions (CC&Rs) associated with these land uses will 

require the implementation of HSCs. 

3.4 Regional LID Facilities 

There are three regional LID facilities proposed within the Project. Regional Facilities A, B, and 

C are each proposed as infiltration facilities (Category 1) based on feasibility screening results 

(RTF&A, 2013, Figure 3). These facilities have been sized and designed to fully infiltrate 80 

percent of average annual runoff from the tributary area. While hydrologic source controls will 

be applied in the tributary area to these watersheds, the effect of these hydrologic source controls 

has not been claimed in sizing.  

Runoff from subwatersheds in the western portion of the Project are proposed to be directed to 

Mission Village Regional Facility D (See Figure 4), which is sized for its ultimate conditions in 

which it will accept runoff from Mission Village, Legacy Village, Entrada South, and portions of 

the existing Westridge community. The ultimate condition of Regional Facility D is considerably 

more conservative than the interim condition, in which only the Entrada South Project is 

constructed and the remainder of the tributary area remains undeveloped. Mission Village 

Facility D is described and analyzed as part of the Mission Village Phase I Final Hydrology 

Study and associated conformance memorandum (Geosyntec, 2013).  

The detailed designs of regional LID facilities will be developed at a later time, and will be 

developed to be consistent with the design and maintenance standards for regional LID facilities 

described in Attachment B.   

4. CONFORMANCE TO APPLICABLE LID PERFORMANCE STANDARD 

This section summarizes the conformance of the Project’s proposed LID design features to each 

element of the  Project LID Performance Standard.  
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4.1 BMP Selection per LID Hierarchy 

The Entrada South LID Performance Standard requires that LID BMPs be selected based on an 

analysis of infiltration feasibility. The follow paragraphs describe how the Project conforms to 

this requirement. 

4.1.1 Parcel-based LID BMPs 

Parcel-based LID BMPs were selected using a Project-wide feasibility screening for applicable 

lots. Parcel-based infiltration feasibility was estimated based on BMP siting recommendations 

included in the Geotechnical Infiltration Evaluation Update for Vesting Tentative Tract Map No. 

53295 (Infiltration Feasibility Report, RTF&A, 2013). The categorization of parcel-based LID 

BMPs included in the report was based upon the infiltration rates of the on-site materials, 

presence of geotechnical hazards, depth to groundwater, and location of fill materials. 

Additionally, where downstream regional LID facilities would retain the entire SWQDv and 

would fully infiltration at least 80 percent of average annual runoff, parcel-based BMPs were not 

required to fully comply with numeric LID sizing and selection criteria. The results of 

infeasibility screening are presented in Figure 3.  

4.1.2 Regional LID Facilities 

The Infiltration Feasibility Report (RTF&A, 2013) included results from site-specific infiltration 

feasibility investigations of Regional Facilities A, B, and C. RTF&A completed one infiltration 

test per regional infiltration basin area. The average of testing results was 18 inches per hour, 

with a low of 3.2 inches per hour and a high of 34 inches per hour. Geological studies for all 

three facilities show the presence of alluvial deposits in the subsurface that extend at least 15 feet 

below the proposed invert, which indicates the limited potential for groundwater mounding if the 

full water quality design volume is infiltrated in this area. Groundwater was not encountered in 

any of the boring tests and was determined to be at least 10 feet below the proposed facilities. 

Based on these findings, Facilities A, B, and C are proposed as complete infiltration facilities 

(Category 1), which is consist with the preferred hierarchy for BMP selection. 

For Facility D, Leighton and Associates (2013) completed an investigation of infiltration 

feasibility as part of the Phase 1 Final Hydrology Study for Mission Village. This investigation 

found that infiltration into Facility D would result in potential geotechnical concerns that cannot 

be reasonably mitigated. The report stated that infiltration in the facility would likely migrate 

laterally towards the active river channel, which could adversely impact the stability of the 

existing bluffs located along the river channel. Thus, the report concluded that a biofiltration 

facility, designed with limited incidental infiltration, is recommended for Facility D. Facility D is 
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proposed as a biofiltration facility (Category 3). Therefore Regional Facility D is consistent with 

the selection hierarchy required as part of the LID Performance Standard. 

4.2 BMP Sizing for 80 Percent Capture of Drainage Area Runoff 

4.2.1 Regional Facilities  

The LID Performance Standard requires that regional facilities provide infiltration, biofiltration, 

and/or extended detention treatment for runoff volume not already addressed within the 

watershed, to provide 80 percent capture and treatment of the average annual runoff volume for 

the tributary area to the regional facility regional facilities. The designs of Facilities A, B, C and 

Regional Facility D were modeled using the EPA SWMM model for a long term continuous 

simulation period to demonstrate that this standard is met. This standard must be met for all areas 

draining to the facility, therefore, the entire tributary area was modeled. A summary of the 

facility sizing results is described in Table 1. A detailed description of modeling methodology 

and assumptions used to evaluate sizing is provided in Attachment A. SWMM model files are 

provided as Appendix A.1  Regional Facility D was modeled based on the ultimate proposed 

condition of its drainage area, as described in the memorandum: “Mission Village Phase 1 Final 

Hydrology Study – Evaluation of Conformance with Newhall LID Performance Standard” 

(Geosyntec Consultants, August 6, 2013 – under review by LACDPW).  

Table 1: Catchment Parameters and Regional Facility Sizing Results 

BMP ID 
Tributary  

Area (acres)
1 

Impervious Fraction of 

Catchment (%)
1
 

 

Total Facility Volume 

Required  

(ac-ft)
2,3

 

Total Facility Volume 

Provided  

(ac-ft)
3
 

Facility A 71.1 52.2 4.3 4.7 

Facility B 19.3 79.3 1.5 1.7 

Facility C 35.1 76.6 2.8 3.9 

Regional 

Facility  D
 720.3

4
 45.6

4
 35.2

4 
35.2

4 

1
Imperviousness based on area weighted average of land use-based values from LA County Hydrology Manual; 

calculated for purposes of water quality analysis; see Attachment A. 
2 
Facility volumes needed for 80% capture of annual average runoff volume from tributary area.  

3
Total facility volume includes pore volume in gravel and media, as well as ponded volume above the media 

surface; system controlled at outlet, therefore fills from the bottom.  
4
Regional Facility D analysis includes all areas draining to Regional Facility D in the ultimate build-out condition 

(i.e., Mission Village, Legacy Village constructed). Regional Facility D sizing demonstrated in Mission Village 

Conformance Memorandum 

 

As shown in Table 1, the provided total facility volumes equal or exceed the required total 

facility volumes for all facilities and are considered to satisfy the requirements of the LID 
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Performance Standard. While the LID Performance Standard allows some of the 80 percent 

capture standard to be met via extended detention, the proposed LID facilities include only 

retention (for Regional Facilities A,B, and C) and biofiltration (Regional Facility D), which 

provides a superior level of treatment compared to extended detention, therefore this aspect of 

the LID Performance Standard is met and exceeded. 

4.2.2 Parcel-based LID BMPs  

Stand-alone parcel-based LID BMPs within the Project were sized with physical storage equal to 

the SWQDv as calculated using the Los Angeles County LID Calculator. The SWQDv is the 

controlling sizing factor for these facilities to meet all aspects of the LID Performance Standard, 

as discussed below and detailed in Attachment A. 

For Category 1 facilities, providing the SWQDv equates to retaining the full SWQDv. Analyses 

provided in Attachment A demonstrate that when the physical storage volume of the facility is 

set to the SWQDv  and the system infiltrates in no greater than 21 hours, average annual capture 

efficiency is equal to 80 percent and the entire SWQDv is reliably retained.  

If retention is not fully feasible or not feasible (Category 2 and Category 3 facilities), the facility 

shall be sized to store at least the SWQDv and provide biofiltration for 1.5 times the runoff that 

cannot be reliably retained. Analyses provided in Attachment A demonstrate that when the 

physical storage volume of the facility is set to the SWQDv  and the media filtration rate is set to 

5 inches per hour (minimum allowed per MS4 Permit Attachment H), these facilities biofilter 

significantly greater than 1.5 times the SWQDv that is not retained and also achieve significantly 

greater than 80 percent capture of average annual runoff.  

The parcel-based BMPs that drain to Regional Facility D do not have a minimum sizing required 

by the LID Performance Standard, but must be consistent with the selection hierarchy described 

in the LID Performance Standard and attempt to achieve the maximum feasible retention.  

Regional Facility D is sized to capture 80 percent of average annual runoff from the entire area 

tributary to the facility, accounting for the commitments to parcel-based BMPs. Parcel-based 

facilities were sized following the same criteria as used for stand-alone parcel-based facilities 

(Category 2), which meets and exceeds the required standard.  

As shown in Table 2, the provided volume commitment for parcel-based BMPs is greater than or 

equal to the required volume.  
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Table 2: Catchment Parameters and Parcel-based Facility Sizing Results 

Basin  Area, ac 
Impervious-

ness
1
 

SWQDv 

Required
2
 

(ac-ft)  

SWQDv 

Provided 

(ac-ft)  

Stand-alone Parcel-based LID BMPs 

in Basin E 
29.2 91 2.13 2.13 

Stand-alone Parcel-based LID BMPs 

in Basin X 
10.2 80 0.74 0.74 

Stand-alone Parcel-based LID BMPs 

in Basin Y 
2.95 88 0.22 0.22 

Parcel-based LID BMPs Draining to 

Regional Facility D 
39.6 84 2.82 2.82 

1 
See Attachment A for calculations used to estimate impervious cover.

  

2
The SWQDv required refers to the total stormwater quality design volume determined by the LA County LID 

Volume Calculation; this volume is the required storage volume of the system. 

 

4.2.3 Green Street Biofiltration BMPs 

Green Streets biofiltration BMPs within the Project area were sized to treat runoff from 

roadways and areas draining to roadways that are not treated by regional facilities.  The Green 

Streets biofilters (Filterra® or equivalent) are designed as flow-through treatment. The BMPs are 

sized to treat a design flow rate equivalent to the runoff from a 0.3 in/hr rainfall intensity, which 

is equivalent to achieving 80 percent average annual capture efficiency (Geosyntec, 2008). The 

design intensity of 0.3 in/hour was entered into the Los Angeles County Flow-based LID 

Calculator to compute the required design flowrates. As illustrated in Table 3, the provided 

flowrate equals or exceeds the design flowrate in all cases.  
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Table 3: Catchment Parameters and Green Street Biofilter Sizing Results   

Basin  
Area  

(Acres)  
Imperviousness  

(%) 
Q Design  

(cfs)  
Q Provided 

(cfs) 

Basin AA 0.93 90 0.23 0.23 

Basin BB 1.36 91 0.34 0.34 

Basin CC 3.08 89 0.75 0.75 

Basin DD 0.61 89 0.15 0.15 

Basin EE 0.71 64 0.13 0.13 

Basin G 0.63 89 0.15 0.15 

Basin H 1.10 78 0.20 0.20 

Basin I 2.31 79 0.50 0.50 

Basin J 2.68 91 0.59 0.59 

Basin K 2.37 69 0.59 0.59 

Basin L 3.71 67 0.72 0.72 

Basin M 4.01 39 0.77 0.77 

Basin N 1.11 57 0.14 0.14 

Basin O 3.33 69 0.56 0.56 

Basin T 1.20 84 0.28 0.28 

Basin U 2.32 50 0.35 0.35 

Basin V 1.22 49 0.18 0.18 

Total  32.68 70 6.62 6.62 

 

4.3 Project Retention of 85
th

 Percentile, 24-hour Storm Event (SWQDv) 

The LID Performance Standard requires that project design features be selected and sized to 

retain the volume of stormwater runoff produced from a 1.1 inch storm event (i.e., the SWQDv) 

for the Project site. Where it has been demonstrated that 100 percent of the SWQDv cannot be 

feasibly infiltrated, biofiltration shall be provided for 1.5 times the portion of the SWQDv that is 

not retained. For the purpose of demonstrating conformance, this standard has been applied to 

the overall Entrada South Project as well as the portion of the biofiltration storage in Regional 

Facility D that is allocated for treatment of runoff from the Entrada South Project. The following 

stepwise process is used to demonstrate conformance with the LID Performance Standard for the 

Project. 
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4.3.1 Step 1: Calculate LID Performance Standard 

The equivalent retention plus biofiltration volume required to meet the LID Performance 

Standard was calculated by calculating the runoff from the Project’s impervious area for the first 

1.1 inches of precipitation using the LA County LID Volume Calculator. A one acre 

representative catchment was used to determine the runoff volume for one acre of impervious 

area. This volume was scaled up to the total impervious area within the project. This resulting 

retention storage volume is the required equivalent retention volume (performance standard) that 

applies to the project. The performance standard is expressed in acre-feet. 

Step 1 Summary - Entrada South LID Performance Standard 

Parameter Value Source 

Total Project Area, ac 382.4 Tentative Tract Map 53295 

Project Impervious Area, ac 194.5 
Tentative Tract Map 53295, land use-based 

Impervious estimation 

Required Equivalent Retention 

Volume, ac-ft 
15.9 

V (ac-ft) = Project Impervious Area (ac) × 

3,561
 1

 cubic feet × (1 acre/43,560 square 

feet conversion) 
1
 Equivalent to the volume calculated from the LA County LID Volume Calculator for a 1-acre representative 

catchment (100% imperviousness, flow path length of 250 feet,  slope of 5%, LA County Soil #098) 

4.3.2 Step 2: Calculate Volume in Parcel-based BMPs and Single Family HSCs 

The parcel-based LID BMP commitments described in Section 3.1 and the single family HSC 

commitments described in Section 3.3 are tabulated to compute the total retention volume and 

biofiltration volume commitments included in the Project. For parcel-based BMPs, retention 

volume is calculated as follows: 

 Category 1 – Infiltration Feasible – Infiltration BMPs: Include all water volume provided 

in BMPs below the overflow elevation. 

 Category 2 – Infiltration Partially Feasible – Bioinfiltration BMPs: Include all volume 

provided below underdrains and retained in soil pores for subsequent evapotranspiration. 

 Category 3 - Infiltration Infeasible – Biofiltration BMPs: Include all volume retained in 

soil pores for subsequent evapotranspiration. 

For the purpose of this analysis, biofiltration volume was counted as the remaining volume of the 

BMPs (after subtracting retained volume). Water that is biofiltered during the design storm event 

(i.e., routed) can also be claimed as biofiltration volume; however, this volume is not claimed at 

this time as it is not necessary to conform to the LID Performance Standard.  
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Step 2 Summary - Entrada South Parcel-based BMP Retention Volume and Biofiltration Volume  

Parcel-based LID and Single Family HSC Tabulations 

Sum of Parcel-

based Volume 

Commitments 

Parcel-based Retention Volume, ac-ft 2.2 

SFD Disconnection Retention Volume
1
, ac-ft 0.5 

Total parcel-based and SFD Retention Volume, ac-ft 2.7 

Total Parcel-based Biofiltration Volume, ac-ft 4.6 
1
SFD Disconnection will be implemented for the Project consistent with the Project LID Performance Standard; 

however, retention volume credit from SFD Disconnections was not claimed in this performance standard 

conformance calculation for areas draining to Facilities A, B or C..  

4.3.3 Step 3: Calculate Volume Provided in Regional Facilities 

The retention volume provided in regional infiltration/bioinfiltration facilities is calculated as the 

volume stored below the lowest discharge point. The retention volumes provided in each of the 

three Entrada regional infiltration facilities and the regional biofiltration facility (Basin D) 

receiving runoff from Entrada were combined to estimate the total retention volume provided by 

facilities. 

 Category 1 – Infiltration Feasible – Infiltration BMPs: Include all water volume provided 

in BMPs below the overflow elevation. 

 Category 2 – Infiltration Partially Feasible – Bioinfiltration BMPs: Include all volume 

provided below underdrains and retained in soil pores for subsequent evapotranspiration. 

 Category 3 - Infiltration Infeasible – Biofiltration BMPs: Include all volume retained in 

soil pores for subsequent evapotranspiration. 

For the purpose of this analysis, biofiltration volume was counted as the remaining volume of the 

BMPs (after subtracting retained volume). Water that is biofiltered during the design storm event 

(i.e., routed) can also be claimed as biofiltration volume; however, this volume is not claimed at 

this time as it is not necessary to conform to the LID Performance Standard.  
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Step 3 Summary - Entrada South Regional Facility Retention Volume and Biofiltration Volume 

Regional Infiltration/ 

Biofiltration Facilities 

Entrada South 

Regional Facility 

Volume
1
  

(ac-ft) 

Entrada South 

Retention Volume
2
  

(ac-ft) 

Entrada South 

Biofiltration Volume 

 (ac-ft) 

Infiltration Facility A 4.3 4.3 0.0 

Infiltration Facility B 1.5 1.5 0.0 

Infiltration Facility C 2.8 2.8 0.0 

Regional Biofiltration Facility D   6.4
3
 0.0  6.4

3
 

Regional Facility Total, ac-ft  8.6 6.4 
1 
Includes volume allocated to managing Entrada South runoff only.  

2
Volume below lowest surface discharge, ac-ft 

3
Total volume of Facility D is larger than shown, however remainder is allocated to treating off-site runoff from 

other projects therefore is not claimed for Entrada South conformance calculations.  

4.3.4 Step 4: Final Conformance Calculations 

Step 4a: Compare Total Feasible Retention Volume Provided to LID Performance Standard  

The sum of the total feasible retention volume provided in parcel-based and regional facilities 

from Steps 2 and 3, respectively, was compared to the performance standard computed in Step 1. 

The Project is considered to meet the LID Performance Standard if the total retention storage 

volume provided is equal to or greater than the LID Performance Standard retention volume. 

Step 4b: Compute Required Biofiltration Volume and Compare to Provided Biofiltration Volume 

The total retention volume provided in the parcel-based and regional facilities is less than the 

LID Performance Standard design volume. Therefore, the remaining volume not retained was 

multiplied by 1.5 to compute the required biofiltration volume. This volume was compared to the 

biofiltration volume provided. As demonstrated in Line 6 and 7 in the table below, the system 

provides excess retention and biofiltration volume in comparison to the LID Performance 

Standard, therefore the Project conforms to the LID Performance Standard. 
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Step 4 Summary - Comparison with LID Performance Standard 

Line Parameter Value Explanation 

1 Required Retention Volume
1
, ac-ft 15.9 From Step 1 

2 Volume Reliably Retained, ac-ft  11.3 From Step 2 plus Step 3 

3 Remaining Volume Not Reliably Retained, ac-ft 4.6 Line 1 minus Line 2 

4 Required Biofiltration Volume, ac-ft 6.9 Line 3 x 1.5 

5 Biofiltration Volume Provided, ac-ft 11.1 From Step 2 plus Step 3 

6 Excess Biofiltration Volume, ac-ft 4.1 Line 5 minus Line 4 

7 Excess Equivalent Retention Volume, ac-ft (surplus) 2.8 Line 6 / 1.5  

 

4.4 Conformance Summary 

In summary, this memorandum demonstrates that: 

 LID BMPs have been selected in a manner consistent with the LID selection hierarchy 

(i.e., infiltration feasibility criteria) contained in the LID Performance Standard (Section 

4.1);  

 The combination of parcel-based LID BMPs and/or regional LID facilities within each 

watershed provides capture and retention or biofiltration of at least 80 percent of average 

annual runoff volume, consistent with the LID Performance Standard (Section 4.2); and 

 The LID project design features proposed as part of the Entrada South Project provide 

retention and biofiltration volume consistent with the SWQDv retention and biofiltration 

requirements at the tract map scale per the LID Performance Standard (Section 4.3). 
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ENTRADA SOUTH LID PERFORMANCE STANDARD 
LID project design features (PDFs) shall be selected and sized to retain the volume of stormwater runoff produced from the 1.1-inch design storm event (LID design volume). When it has been 
demonstrated that 100 percent of the LID design volume cannot be feasibly infiltrated, then biofiltration shall be provided for 1.5 times the portion of the LID design volume that is not retained. Runoff 
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annual runoff volume.  
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Attachment A 

Modeling Methodology in Support of LID 

Conformance Analysis 
 

1. INTRODUCTION  

The purpose of this attachment is to describe the modeling methodology used to size regional 

infiltration/bioinfiltration facilities, analyze stand-alone parcel-based LID BMPs, and quantify 

low impact development (LID) best management practice (BMP) implementation for the Entrada 

South Project (Project). The model used to size and/or analyze facilities is a nested continuous 

simulation hydrologic model developed using USEPA Stormwater Management Model 

(SWMM). The model simulates a continuous runoff hydrograph from watershed tributary to 

each regional facility using a 40 year rainfall record and conducts continuous hydraulic storage 

routing to compute the capture efficiency and volume reduction provided in single family, 

parcel-based, and regional LID BMP. Facilities are sized and evaluated to ensure the that the 

combined system of water quality project design features (i.e., combination of parcel-based LID, 

single family hydrologic source controls (HSCs), green streets BMPs, and regional LID 

facilities) achieves 80 percent capture of watershed runoff per the Project LID Performance 

Standard. In some cases, the Los Angeles County LID Calculator was used for BMP sizing and 

SWMM was used to analyze performance to ensure that the 80 percent capture criterion was met.  

Subcatchments tributary to each facility were defined based on land use delineations, drainage 

boundaries, results of infiltration feasibility screening, and soil parameters. The watershed model 

takes into account commitments to implement parcel-based BMPs and single-family dwelling 

(SFD) hydrologic source controls (e.g., downspout disconnects). Green Streets are part of the 

LID Performance Standard, but were not modeled in SWMM in evaluating overall system 

performance. Regional infiltration facilities within the Project were modeled based on a standard 

infiltration facility cross section and underlying soil infiltration rates determined by site-specific 

infiltration testing (R.T Frankian & Associates, 2013).  Another regional facility in an adjacent 

Project (the Mission Village Project), Regional Facility D, receives flows from Entrada South 

(see Figure 3 of Hydrology Study). The model calculations and inputs associated with sizing of 

Regional Facility D are provided in the memorandum: “Mission Village Phase 1 Final 

Hydrology Study – Evaluation of Conformance with Newhall LID Performance Standard” 

(Geosyntec Consultants, August 6, 2013 – under LACDPW review). 

Based on the proposed facility sizes and configurations watershed total LID performance results 

were evaluated to demonstrate that the combination of Project water quality design features 

achieves 80 percent capture of average annual subcatchment runoff.  
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2. WATERSHED MODELING 

The watershed tributary to each regional BMP is modeled as a collection of subcatchments in 

SWMM. Parameters input into the hydrologic watershed model and the data sources are included 

in Table 1 below.  

Table 2-1: Watershed Model Parameters and Sources 

Parameter Description Parameter Value/Source 

Wet time step 

Time step for wet 

weather runoff 

calculations 

15 min 

Dry time step 

Time step for dry 

weather runoff 

calculations 

4 hours 

Routing time 

step 
Seconds 30 sec 

Routing Option 
Method of routing flows 

through the system 
Kinematic Wave method 

Infiltration 

Option 

Defines parameters and 

method used to estimate 

infiltration in catchment 

The Green Ampt method was used; see section 2.3 for 

more information 

Rainfall 
Long-term precipitation 

record 
Newhall (NCDC gauge # 046162), 1968-2008 

Climate Evaporation data  

CIMIS monthly normal ET data, 60% of Zone 14 (see 

Table 2); selected based on CIMIS guidance to represent 

typical drought-tolerant native and non-native/non-

invasive landscape.  

For subcatchment models: 

Total Area Area in acres Land use GIS and CAD layers (see Tables 3 and 4) 

Imperviousness 
Percent imperviousness 

of subcatchment area 

Determined by area-weighting of land uses in 

subcatchment (see Tables 3, 4). 

Soil parameters 

Soil parameters describe 

how water is infiltrated 

into soils in pervious 

areas 

Soil types and locations were determined using NRCS 

Soil Survey and LA County soils data. See section 2.3 

for specific soil parameters used in the model.  

Depression 

storage 

Surface storage in 

depressions in pervious 

or impervious land areas 

0.02 inches for impervious areas (James & James, 2000); 

0.06 inches for pervious areas (James & James, 2000) 

In some catchments, depression storage is adjusted to 

simulate the effects of parcel-based BMPs as discussed 

in section 4.2.1 and 4.2.2.  

Other catchment 

parameters 
Shape and Flowpath  

Rectangular; 500 ft flow path length for pervious areas, 

250 ft flow path length for impervious area (represents 

typical overland flow path lengths, a sensitive parameter 

in regional facility watershed-scale analysis) 
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Parameter Description Parameter Value/Source 

Slope 
0.05 ft/ft (represents approximate average of 

landscaping, streets, and roofs) 

Impervious Manning’s n 0.012 (Manning’s n for smooth concrete) 

Pervious Manning’s n 

0.25 (Manning’s n for dense grass or shallow flow 

through decorative bark/rock; either  of which is typical 

of  urban landscaping) 

 

2.1. Rainfall & Storm Characteristics  

Rainfall analysis was conducted with hourly precipitation data from a 40 year period of record 

(water year (WY) 1969-2008) recorded at the National Climatic Data Center (NCDC) Newhall 

rain gauge (station number 046162), located in the town of Newhall, California. Figure 1 shows 

the location of the Newhall gauge in relation to the Project area.  This gauge is located 

approximately 4 miles from the Project.  The gauge elevation of 1,243 ft above mean sea level 

(AMSL) is comparable to the Project area elevation of approximately 1,000-1,200 ft AMSL.  

While the period of record rainfall data collected at the Newhall rain gauge is quite long (40 

years), there are some gaps in the record.  In order to improve the characterization of rainfall at 

the project site, estimates of the missing rainfall data were made through correlation of the 

Newhall rain gauge with the San Fernando rain gauge (NCDC station number 047762) which is 

located approximately 6 miles away from the Newhall gauge, and 10 miles away from the 

Project (south and slightly east).   

The Castaic Junction gauge monitored by LACDPW is located closer to the Project; however the 

usable period of record at this gauge is limited to approximately 12 years which is considered too 

short to produce significant results in long-term simulation.  Other gauges in the area report daily 

rainfall totals only.  Hourly data are required to support hydrologic modeling efforts. 
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Figure 1: Location of Newhall Rain Gauge in the Vicinity of the Project Area 

 

San Fernando rainfall data was adjusted based on comparison between the two gauges over 

periods for which they both contained data.  A comparison of hourly or daily rainfall totals is not 

expected to yield a strong correlation as spatial variability is exaggerated on short time scales 

(i.e. a single storm could result in appreciable rainfall at one gauge and little rainfall at the other). 

However, monthly correlations are expected to yield meaningful comparison between the gauges 

when taken over a long period of record. Data from the gauges from WY 1969 to 2008 were 

screened to keep only the months without missing data and with measured rainfall at both 

stations.  Correlation of the monthly rainfall totals is shown in Figure 2. This monthly correlation 

indicated slightly higher rainfall amounts at the Newhall gauge compared to the San Fernando 

gauge. 
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Figure 2: Correlation of Monthly Totals between Newhall & San Fernando Gauges 

(excluding months with missing data or zero rainfall) 

 

Based on the relationship developed through the monthly comparison, a multiplier of 1.03 was 

applied to the hourly rainfall data from the San Fernando gauge to fill in the missing periods of 

rainfall data at the Newhall gauge. Values were rounded to the nearest 1/100 inch after the 

adjustment. 

Summary rainfall analysis was conducted for two data groups: all storm events; and only the 

storms that were expected to contribute to stormwater runoff (storms >0.1 inches).  The rainfall 

data were analyzed using a code similar in performance to EPA’s Synoptic Rainfall Analysis 

Program (SYNOP).  The customized code (GeoSYNOP) facilitates resolving missing periods of 

data and is more robust when handling the date and time of storms.  GeoSYNOP subdivides the 

rainfall record into discrete events separated by an inter-event dry period, which in this case was 

set to a minimum of 6 hours. Small rainfall events, which resulted in rainfall of less than or equal 

to 0.10 inches, were deleted from the record for the purpose of calculating summary statistics.  

For the Newhall gauge, a total of 609 storm events (>0.1 inches) were segregated from the 

continuous data from October 1, 1968 to September 30, 2008. Storm statistics for the full (all 

storms) and the trimmed (storms > 0.1 inch) data sets are shown in Table 2-2.  The full rainfall 

record is used for modeling analysis, however small storm events tend to produce less runoff 

because of initial abstractions represented in the model. 
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Table 2-2: Analysis Results for the Actual and Filled Newhall Rainfall Data  

  Storms Newhall Gauge WY 1969 – 2008 Patched Record 

All Storms 

Average annual rainfall (in): 18.4 

Total number of storms: 1011 

Average number of storms per year: 25.3 

Average storm volume (in): 0.73 

Average storm duration (hrs): 7.3 

Average storm intensity (in/hr): 0.097 

Storms >0.1 

inch 

Average annual rainfall (in): 17.4 

Total number of storms: 609 

Average number of storms per year: 15.2 

Average storm volume (in): 1.14 

Average storm duration (hrs): 11.4 

Average storm intensity (in/hr): 0.102 
1 
Augmented record includes adjusted data from San Fernando gauge to fill gaps in Newhall gauge record.  

2.2. Evapotranspiration 

Reference ET values for estimating actual ET rates was taken from the California Irrigation 

Management Information System (CIMIS) Reference Evapotranspiration Zones map produced 

by the California Department of Water Resources.  The Entrada South Project site is located in 

zone 14.  Reference ET values for zone 14 are reproduced in Table 2-3 below.  A model input of 

60 percent of reference ET was used per CIMIS guidance to reflect a mix of irrigated and 

drought tolerant landscape species.  

Table 2-3: Evaporation Parameters for Hydrology Model (from CA ET map)  

Month 
Evapotranspiration Rates 60% 

inch / day days / month inch / month inch / month 

January 0.05 31 1.55 0.93 

February 0.08 28 2.24 1.34 

March 0.12 31 3.72 2.23 

April 0.17 30 5.1 3.06 

May 0.22 31 6.82 4.09 

June 0.26 30 7.8 4.68 

July 0.28 31 8.68 5.21 

August 0.25 31 7.75 4.65 

September 0.19 30 5.7 3.42 

October 0.13 31 4.03 2.42 

November 0.07 30 2.1 1.26 

December 0.05 31 1.55 0.93 

Total (year)  365 57.0 34.2 
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2.3. Land Uses 

Project land uses were determined from a GIS analysis of the Entrada South Vesting Tentative 

Tract Map (VTTM #53295) (Alliance, 2013) for the developed Project conditions.  Land use 

imperviousness was determined using LA County Hydrology Manual values (LACDPW, 2006) 

and estimates of built-out imperviousness. Roads were analyzed differently depending on size. 

For the purpose of analysis, residential roads were considered to be an integral part of single 

family detached land uses and were modeled with all properties of this land use. Minor roads and 

major roads were modeled using imperviousness associated with roads.  

Tables 3 and 4 include the land use areas and imperviousness values used for areas within the 

Entrada South boundary for Facilities A, B and C, and the areas on the Project draining to 

Mission Village Basin D. 

Table 2-4: Modeled Developed Conditions Project– Facilities A, B, and C 

Facility  Land Use Acreage Imperviousness 

Facility A 

Education 9.4 82 

Major Road 0.9 91 

Minor Road 4.9 91 

Open Space 12.3 1 

Park 5.6 10 

Single-Family Residential 36.4 60 

Water Quality 1.6 100 

Facility A Total 71.1 52 

Facility B 

Multi-Family Residential 17.5 80 

Open Space 0.5 1 

Water Quality 1.3 100 

Facility B Total 19.3 79 

Facility C 

Major Road 2.3 91 

Minor Road 0.0 91 

Multi-Family Residential 25.3 80 

Open Space 3.0 1 

Water Quality 4.5 100 

Facility C Total 35.1 77 

 

2.4. Soil Parameters 

Drainage basins were divided into sub-catchments based on hydrologic soil group (HSG). The 

HSGs were identified based on catchment-specific soils distributions obtained from the Natural 

Resources Conservation Service (NRCS) Soil Survey CA675, and were divided as follows for 

modeling purposes:  HSG A/B, HSG C, and HSG D. Group A soils were grouped with B soils 
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because of the extreme scarcity of soil group A on the Project site and the similarity in 

infiltration parameters between A and B soils.  

Hydrologic soil groups (HSG) and soil texture classes provided in the NRCS soil survey, as well 

as information provided in the Los Angeles County soils maps, were used to classify soils on the 

Project site and assign typical ranges of soil parameters to these soil groups.  Spatial analyses 

were used to composite these values by subcatchment.  The breakdown by soil type within each 

subcatchment is included in Table 2-5 below.   

Table 2-5: SWMM Modeled Soils Distribution by Drainage Basin – Facilities A, B, and C 

Location Hydrologic Soil Group Area (acres)  % Total 

Facility A 
A/B 0.8 1.2% 

C 70.3 98.8% 

Facility A Total 71.1 

Facility B 
A/B 0.4 2.3% 

C 18.9 97.7% 

Facility B Total 19.3 

Facility C 
A/B 30.2 86.1% 

C 4.9 13.9% 

Facility C Total 35.1 

 

Green-Ampt suction head and initial moisture deficit values for each HSG were based on the soil 

texture class reported by the NRCS soil survey for the dominant texture class within the 

respective HSGs.  Green-Ampt saturated hydraulic conductivities (the infiltration capacity of 

soils in inches of water infiltrated per hour) for each soil group were determined on an area 

weighted basis as the average of: 1) the low range of saturated hydraulic conductivity (Ksat) 

reported in the NRCS soil survey, 2) infiltration rates by HSG recommended by Musgrave 

(1955), and 3) characteristics infiltration rates for LACDPW soil classes interpreted from 

Appendix C of the LA County Hydrology Manual. Spatial analyses were used to composite these 

infiltration rate values by tributary area. It has been assumed that compaction during construction 

will reduce the bulk hydraulic conductivity across the development site by approximately 25 

percent, on average, in the post-development condition in areas where construction is planned. 

While localized effects of incidental compaction may be greater, this assumption is believed to 

represent a reasonable estimate of drainage basin-wide reduction in long term infiltration rate 

considering that not all pervious areas will be subjected to incidental compaction and vegetation 

and other natural process tend to restore infiltration rates with time. Infiltration at the location of 

infiltration BMPs will be avoided to the extent possible. LACDPW soil classes present on the 

project include soil 020 and 098. Modeled soil parameters are provided in Table 2-6.  
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Table 2-6: Green-Ampt Soil Parameters – Facilities A, B, and C 

Location 
Hydrologic Soil 

Group 

Suction Head
1
 

(in) 

IMD
2
 

(in/in) 

Pre- Development 

Ksat 

(in/hr) 

Post- Development 

Ksat 

(in/hr) 

Facility A 
A/B 8 0.32 0.37 0.28 

C 8 0.29 0.19 0.15 

Facility B 
A/B 8 0.32 0.37 0.28 

C 8 0.29 0.19 0.15 

Facility C 
A/B 8 0.32 0.37 0.28 

C 8 0.29 0.19 0.15 
1
 Average capillary suction of soils (inches), estimated based on texture class from Rawls, et al., (1983).  

2
 Fractional difference between soil porosity and actual moisture content, estimated based on texture class from 

Rawls, et al., (1983). 

2.5. Parcel-based LID BMPs 

Parcel-based LID BMPs on the Project include “stand-alone” BMPs, which do not drain to a 

regional facility, and parcel-based LID BMPs draining to Regional Facility D.   

Modeling analyses to justify the sizing of parcel-based stand-alone BMPs are stand-alone parcel-

based LID BMPs are discussed in this section. Modeling parameters for areas draining to 

Regional Facility D are discussed in the Mission Village Conformance Memorandum 

(Geosyntec, 2013).  

The controlling sizing factor for parcel-based stand-alone BMPs is the SWQDv, as calculated 

using the Los Angeles County LID Calculator. Unit area modeling analyses were conducted in 

SWMM to demonstrate that when parcel-based BMPs are sized for the SWQDv using MS4 

Permit requirements to provide minimum 5 inches per hour media filtration rate, they result in 

greater than 80 percent capture of average annual runoff as well as biofiltration of much greater 

than 150% of the SWQDv that is not reliably retained. 
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Table 2-7. Unit Area Model Scenarios to Demonstrate that LA County SWQDv Meets 

Newhall LID Performance Standard for Parcel-based BMPs 

Model Scenario 
Category 1 

(Infiltration Feasible) 

Category 2 (Infiltration 

Partially Feasible) 

Category 3 

(Biofiltration, with minor 

incidental volume reduction) 

Tributary Area, Ac 1.0 1.0 1.0 

SWQDv, cu-ft 3,561
 1
 3,561

 1
 3,561

 1
 

BMP Type Infiltration (any type); 

Geometry not 

relevant; modeling 

simply assumes 

SWQDv is reliably 

infiltrated in 24 hours. 

Bioinfiltration 

(bioretention with 

elevated underdrain); 18 

inches ponding; 18 

inches gravel below 

underdrain 

Bioretention with underdrains, 

negligible incidental infiltration 

assumed; 18 inches ponding 

BMP Volume, cu-ft 3,561 3,561 3,561 

Effective Storage Depth Above 

Underdrain, ft 2 ft depth assumed; no 

underdrain 

1.5 1.5 

Effective Storage Depth Below 

Underdrain, ft 
0.6 0 

Footprint Area, sq-ft 1,781 1,696 2,374 

Media Filtration Rate, controls 

when underdrain discharges, 

in/hr 

NA 5 5 

Underlying Infiltration Rate, 

in/hr 

1.3 in/hr (set based on 

assumed 18-hour 

drawdown time) 

0.15 0 

Head effects on infiltration Assumed negligible 

for modeling; 

conservative 

Assumed negligible for 

modeling; conservative 

Assumed negligible for 

modeling; conservative 

Long Term Average Capture 

Efficiency from SWMM 

Simulations, % 

80% 96% 99% 

Percent of SWQDv Retained, % 100% 29%
2
 0%

3
 

Percent of Remaining SWQDv 

Biofiltered, % 
NA 267%

2
 267%

3
 

1
 Equivalent to the volume calculated from the LA County LID Volume Calculator for a 1-acre representative 

catchment (100% imperviousness, flow path length of 250 feet,  slope of 5%, LA County Soil #098) 
2  

See calculations below for Category 2 

 0.6 ft retained × 1,696 sq-ft = 1,018 cu-ft/3,561 = 29%.  Remaining SWQDv = 3,561 – 1,018 = 2,543 cu-ft.   

 Biofiltration provided as percent of remaining SWQDv = 2,543 cu-ft physical storage + 2.5 ft biofiltration 

routed during event (6 hours within-storm routing @ 5 in/hr) × 1,696 sq-ft = 6,783 cu-ft.  6783/2,543 = 

267% 
3
 See calculations below for Category 3 

 No retention claimed; remaining SWQDv = 3,561 cu-ft 

 Biofiltration provided as percent of remaining SWQDv = 3,561 cu-ft physical storage + 2.5 ft biofiltration 

routed during event (6 hours within-storm routing @ 5 in/hr) × 2,374 = 9,496 cu-ft.  9,496/3,561 = 267% 

A 6 hour routing time in these calculations is considered to be conservative as the design storm duration is 24-hours, 

by definition, and typical real storm events have  durations that typically exceed 6 to 12 hours.   
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2.6. Single Family Areas 

The LID Performance Standard includes hydrologic source controls (HSCs) in single family 

detached (SFD) land uses, entailing routing of a portion of the impervious area to the pervious 

area. Single-family HSCs were modeled for parcels that drain to Regional Facility D only.  

Table 2-8: SFD Disconnect Modeling Parameters for Regional Facility D  

Parameter Input Source of Parameter Input 

Percent of SFD land use 

disconnected  
28% 

Analysis of typical 5,000 SF 

parcels; represents rooftops and 

sidewalks 

Disconnection ratio  
4 parts impervious to 1 part 

pervious receiving flow 

Analysis of typical area that can 

be used for disconnection within 

typical parcels 

Depression storage of receiving 

pervious area (inches) 
0.06 

Depression storage set equivalent 

to pervious area depression 

storage; this is conservative as 

these areas are proposed to be 

amended to provide additional 

pore space 

Infiltration rate of receiving 

pervious area 

Set equivalent to underlying soil 

infiltration rate used in watershed 

modeling 

Set equivalent to pervious area 

soil Ksat corresponding to the  

hydrologic soil group associated 

with the area 

 

2.7. Summary of BMPs within Watershed Tributary to Each Regional Facility 

A summary of the Project areas draining to each of the regional facilities is shown in Table 2-9.  

Facilities A, B, and C were modeled to receive Project flows directly
1
, while Regional Facility D 

receives flows from areas that are routed through on-parcel and single family areas first.  

                                                 

1
 Note that single family areas draining to Facilities A, B, and C will have HSCs, but they are not modeled for 

conservatism.   
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Table 2-9: Areas Draining to Parcel-based BMP Types within Water Quality Facility 

Drainage Areas  

Regional Infiltration/ 

Biofiltration Facility 

Drainage Area 

Category 2 SFD HSC
1
 

Directly to 

Regional Facility 
Total 

Area 

(Ac) 

Imp 

(%) 

Area 

(Ac) 

Imp 

(%) 

Area 

(Ac) 

Imp 

(%) 

Area 

(Ac) 

Imp 

(%) 

Facility A - - - - 71.1 52 71.1 52 

Facility B - - - - 19.3 79 19.3 79 

Facility C - - - - 35.1 77 35.1 77 

Regional Facility D 39.6 84 35.1 60 27.4 21 102.1 59 

1 - Includes single-family roofs, patios and sidewalks, draining to a pervious area with an equivalent square-footage.  

3. REGIONAL FACILITY MODELING 

3.1. Model Representation 

Regional infiltration/biofiltration facilities were modeled using a stage-area table to define 

volume properties and SWMM’s built-in hydraulic control elements (e.g., orifices, weirs, outlets) 

to define discharge from the system (e.g., treated discharge, infiltration, overflow) as a function 

of the depth of stored water. These facilities were modeled to receive direct runoff from 

developed portions of the Project not addressed by stand-alone parcel-based BMPs.  Regional 

Facility D was modeled to receive runoff from tributary areas in Mission Village, Legacy 

Village, and Entrada South and was simulated to receive runoff not addressed by parcel-based 

BMPs as well as bypass and treated discharge from parcel-based BMPs and SFD HSCs.  

Modeling of Mission Village Facility D is described in the Mission Village Phase I Conformance 

Memo (Geosyntec, 2013 – in LACDPW review). 

The continuous inflow hydrograph generated from the subcatchments (accounting for parcel-

based retention where applicable) is routed through the regional facilities, accounting for the 

hydrologic water balance and hydraulic flow control.  The total volumes that are treated, 

infiltrated, and overflow or bypass over the long term period of record are tabulated and used to 

evaluate whether the combined LID system achieves 80 percent capture of average annual 

watershed runoff. Watershed total capture was quantified by comparing the total runoff from the 

watershed without any BMPs (i.e., the baseline runoff volume) versus the total amount of water 

that bypasses or overflows the regional LID facilities with BMPs in place. If the total amount 

bypassing or overflowing is less than or equal to 20 percent of the baseline runoff volume, then 

the overall system is considered to capture at least 80 percent of watershed runoff volume.  
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Facility sizing was conducted with model infiltration rates, which incorporate factor(s) of safety 

on measured infiltration rates to account for the potential for lower infiltration rates in operation 

due to soil compaction during construction, accumulation of fines in infiltrating surface, and 

other effects. Measured infiltration rates were obtained via field testing by RTF&A (2013).  

Table 3-1: Measured Infiltration Rates 

Location of Sample 
Measured Infiltration Rate 

(in/hr) 

Facility A 34 

Facility B 17 

Facility C 3.2 

Vicinity Average Measured Infiltration Rate
1
 18 

Default Factor of Safety (unitless) 5.0 

Default  Infiltration Rate (in/hr) 3.6 
1
Variability between samples is believed to represent overall site variability across the discrete 

points where samples were taken, not necessarily a significant difference between different basin 

locations.  

2
Based on guidance for selecting factors of safety contained in the Ventura County Technical 

Guidance Document, and best professional judgments; rates will be confirmed and designs will 

be adjusted as needed following mass grading.  

The default design infiltration rate was further adjusted for modeling to provide for conservatism 

and an additional margin of safety in designs. Facilities A and B would drain more quickly than 

24 hours using the default design infiltration rate; this rate was adjusted so that these facilities 

were modeled using infiltration rates corresponding to a 24-hour facility drawdown time.  

Facility C was adjusted down further in recognition of the lower infiltration measurement 

recorded within its footprint. While the spatial average of infiltration rates is likely higher than 

this measurement (as indicated by the other two measurements in the vicinity), an additional 

margin of safety was applied to this facility. This facility was modeled using a factor of safety of 

2 on the point measurement. In all cases, rates will be confirmed and designs will be adjusted as 

need via infiltration testing conducted after the facilities are graded. Design and modeled 

infiltration rates, along with corresponding factors of safety, are included in Table 3-2 below.  

Table 3-2: Modeled Infiltration Rates 

Location of Sample Facility WQ Depth, ft 

 

Default Design 

Infiltration Rate 

(in/hr ) (See Table 3-1 

Modeled Infiltration 

Rate 

(in/hr) 

Facility A 6.5 ft 3.6 3.0 

Facility B 4 ft 3.6 2.0 

Facility C 4 ft 3.6 1.6 
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Other modeling parameters are provided in Table 3-3 below. A schematic of the regional 

infiltration facilities A, B, and C is illustrated in Figure 3.  Regional Facility D was modeled and 

documented as part of the Mission Village Phase 1 Conformance Analysis (Geosyntec 2013). 

Table 3-3: Regional Basin Modeling Parameters 

Parameter Input Source 

Basin volumetric 

storage 
Storage curve of facility 

Model representation accounts for ponded 

water stored above the finished grade.  

Basin flow controls 

Weir dimensions and elevation 

to control the overflow 

elevation of the facility. 

Subject to refinement in detailed design of 

facility. Designs will provide flexibility to 

adapt control dimensions per operational 

feedback. 

Infiltration 

Infiltration losses represented 

by an “outlet” in SWMM, 

which is tabular as a function 

of the wetted surface area and 

the  

Outflow equals wetted area multiplied by 

modeled infiltration rate (See Table 3-1 and 

Table 3-2).  

Evapotranspiration 

Rate of evaporation from 

surface ponding and 

transpiration from amended 

sand media. 

Same as overall watershed (See Table 2-3) 
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Figure 3: Schematic and Respective Cross-Section Depths of Entrada South Infiltration Facilities A, B, and C 
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3.2. Regional Facility Modeling Results 

The long-term estimated hydrologic performance of regional facilities (capture efficiency and 

volume reduction) is reported in Table 3-4, along with the overall watershed capture and volume 

reduction. The overall watershed capture is inclusive of volume reductions achieved in nested 

parcel-based BMPs, hydrologic source controls, and regional facilities. 

Table 3-4: Regional Facility Performance and Watershed Total Performance 

Regional 

Facility 

Drainage 

Area 

Tributary 

Area 

Percent 

Impervious

ness of 

Tributary 

Area 

Regional Facility 
Volume 

Reduction 

Upstream 

of Regional 

Facility
1
 

Watershed 

Capture 

Watershed 

Volume 

Reduction 

Capture 

Efficiency 

of Runoff 

Volume 

Volume 

Reduction 

of 

Captured 

Water 

A 71.1 52.2% 80% 100% -- 80% 80% 

B 19.3 79.3% 80% 100% -- 80% 80% 

C 35.1 76.6% 80% 100% -- 80% 80% 

Regional 

Facility D
1 720.3 45.6% 74% 0.1% 16% 80% 16% 

1 Includes all areas draining to Regional Facility D, including SFD and parcel-based facilities (Source: Geosyntec, 2013)  

 

4. MODEL PARAMETER RELIABILITY AND ASSUMPTIONS  

This section discusses the reliability of the model parameters and assumptions that were used as 

part of this modeling analysis. 

4.1. Parcel-based BMP Infiltration Feasibility Screening  

The types of parcel-based BMPs applied to commercial, multi-family, institutional, recreation 

and park land uses was determined based on infiltration feasibility constraints, as described in 

Section 2. The criteria used to categorize parcel-based treatment based on infiltration constraints 

are in agreement with the infiltration constraints listed in the Ventura Technical Guidance 

Manual  (Ventura County, 2010), the LA County LID Ordinance and Manual (LACDPW, 2009), 

and the LID BMP Design, Investigation and Reporting Requirements Administrative Manual 

(LACDPW, 2011). Constraints were mapped as accurately as possible at this phase of analysis. 

More detailed site investigation performed at the time of development of parcels may result in 

somewhat different distributions of parcel-based BMPs, however developers of parcels will 

obligated to provide the BMP volumes that were assumed in this model analysis. Therefore, the 

build-out performance of parcel-based BMPs is expected to be reasonably similar to the 

assumptions used for modeling at this time.  
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4.2. Parcel-based BMP Infiltration Rates 

Infiltration rates beneath parcel-based BMP were assumed based on input from project 

geotechnical consultant (R.T Franklin & Associates, 2013) based on review of geologic 

information and proposed sources of fill material. While it is expected that infiltration rates may 

vary across the Project depending on the source of fill material, the assumed values are believed 

to be representative of anticipated average conditions and are relatively low. Detailed parcel 

designs will be supported by site-specific infiltration testing; parcel-based BMP performance is 

expected to be reasonably similar, on average, to assumptions made for the purpose of this 

analysis.  

4.3. Single Family Hydrologic Source Controls 

Single-family hydrologic source controls were not claimed in modeling conducted as part of this 

analysis. This is a conservative approach that somewhat under predicts the performance of 

proposed regional LID facilities.  

4.4. Regional Facility Infiltration Rates and Model Representations 

Infiltration rates in the locations of proposed regional infiltration/biofiltration facilities were 

estimated based on geologic information, soils data, and testing results available at the time of 

analysis ( R.T Franklin & Associates, 2013). To account for uncertainty in these estimates, 

facility sizing was conducted with model infiltration rates, which incorporate factor(s) of safety 

to account for the potential for lower infiltration rates in operation due to soil compaction during 

construction, accumulation of fines in infiltrating surface, and other effects. As such, it is 

believed that infiltration rates are somewhat conservatively selected for the purpose of this 

analysis and it is anticipated that higher design infiltration rates may be supported through site-

specific analysis conducted after bulk grading occurs. Should detailed testing show infiltration 

rates are lower than assumed, additional design features such as dry wells and/or selectively 

graded fill material could be used to achieve at least the assumed design infiltration rate. 

5. SUMMARY 

This attachment describes the modeling methodology used to evaluate the overall performance of 

water quality/LID design features proposed within the watersheds tributary to Facilities A, B, 

and C. Modeling of the portion of the Project that drains to Regional Facility D is documented in 

the Mission Village Phase 1 Conformance Memorandum (Geosyntec, 2013) which is currently 

undergoing review by LACDPW. This approach incorporates, in a conservative manner, the 

commitments to parcel-based LID and single family HSCs that have been made within the 

watershed. It also incorporates civil and geotechnical design information that is available at this 

time for the facilities. This approach results in an estimate of overall performance that is 

considered to be reliable for evaluating the conformance to the LID Performance Standard 

applicable to the Project.  
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ATTACHMENT A.1: SWMM INPUT AND OUTPUT FILES  

Regional Facility Input File (Facilities A, B, and C)1 (SWMM 5.0)    p. 1-4 

Regional Facility Output File (SWMM 5.0)        p. 5-8 

Representative Stand-alone Parcel-based BMP Case Study (SWMM 5.0)    p. 9-16 

 

 

 

                                                           
1 Model calculations for Regional Facility D are provided with the Mission Village Phase 1 Conformance 
Memorandum (8/6/2013- in draft)  

KEY 
Annotation is provided in red text and 
boxes to help orient the reviewer to the 
key information contained in each file. 



[TITLE]

[OPTIONS]
FLOW_UNITS           CFS
INFILTRATION         GREEN_AMPT
FLOW_ROUTING         KINWAVE
START_DATE           10/01/1968
START_TIME           00:00:00
REPORT_START_DATE    10/01/1968
REPORT_START_TIME    00:00:00
END_DATE             10/01/2008
END_TIME             06:00:00
SWEEP_START          01/01
SWEEP_END            12/31
DRY_DAYS             0
REPORT_STEP          00:10:00
WET_STEP             00:15:00
DRY_STEP             04:00:00
ROUTING_STEP         0:00:30 
ALLOW_PONDING        NO
INERTIAL_DAMPING     PARTIAL
VARIABLE_STEP        0.75
LENGTHENING_STEP     0
MIN_SURFAREA         0
NORMAL_FLOW_LIMITED  BOTH
SKIP_STEADY_STATE    NO
FORCE_MAIN_EQUATION  H-W
LINK_OFFSETS         DEPTH
MIN_SLOPE            0

[EVAPORATION]
;;Type       Parameters
;;---------- ----------
MONTHLY      0.03   0.0479 0.0719 0.102  0.132  0.156  0.168  0.15   0.114  0.0781 0.042  0.03  
DRY_ONLY     NO

[RAINGAGES]
;;               Rain      Time   Snow   Data      
;;Name           Type      Intrvl Catch  Source    
;;-------------- --------- ------ ------ ----------
Newhall          INTENSITY 1:00   1.0    FILE       "NEWHALL_PATCHED_20091119.NCD" 46162      IN   

[SUBCATCHMENTS]
;;                                                 Total    Pcnt.             Pcnt.    Curb     Snow    
;;Name           Raingage         Outlet           Area     Imperv   Width    Slope    Length   Pack    
;;-------------- ---------------- ---------------- -------- -------- -------- -------- -------- --------
A-AB             Newhall          FacilityA        0.82     99.10    143      5        0                        
A-C              Newhall          FacilityA        70.27    51.68    12244    5        0                        
B-AB             Newhall          FacilityB        0.44     98.05    77       5        0                        
B-C              Newhall          FacilityB        18.85    78.89    3285     5        0                        
C-AB             Newhall          FacilityC        30.23    73.57    5268     5        0                        
C-C              Newhall          FacilityC        4.88     95.47    850      5        0                        
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This model contains each of the three 
regional facilities. The tributary areas to 
these regional facilities are divided 
along soil unit delineations. Within each 
soil unit, watershed properties are 
lumped. This model demonstrates that 
the regional facilities A, B, and C are 
sized to infiltration at least 80 percent of 
average annual runoff. Hydrologic 
source controls and parcel-based 
BMPs are not considered in this sizing. 



[SUBAREAS]
;;Subcatchment   N-Imperv   N-Perv     S-Imperv   S-Perv     PctZero    RouteTo    PctRouted 
;;-------------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
A-AB             0.012      0.25       0.02       0.06       25         OUTLET    
A-C              0.012      0.25       0.02       0.06       25         OUTLET    
B-AB             0.012      0.25       0.02       0.06       25         OUTLET    
B-C              0.012      0.25       0.02       0.06       25         OUTLET    
C-AB             0.012      0.25       0.02       0.06       25         OUTLET    
C-C              0.012      0.25       0.02       0.06       25         OUTLET    

[INFILTRATION]
;;Subcatchment   Suction    HydCon     IMDmax    
;;-------------- ---------- ---------- ----------
A-AB             8          0.275      0.32      
A-C              8          0.145      0.29      
B-AB             8          0.275      0.32      
B-C              8          0.145      0.29      
C-AB             8          0.275      0.32      
C-C              8          0.145      0.29      

[OUTFALLS]
;;               Invert     Outfall    Stage/Table      Tide
;;Name           Elev.      Type       Time Series      Gate
;;-------------- ---------- ---------- ---------------- ----
1                0          FREE                        NO
2                0          FREE                        NO
3                0          FREE                        NO

[STORAGE]
;;               Invert   Max.     Init.    Storage    Curve                      Ponded   Evap.   
;;Name           Elev.    Depth    Depth    Curve      Params                     Area     Frac.    Infiltration Parameters
;;-------------- -------- -------- -------- ---------- -------- -------- -------- -------- -------- -----------------------
FacilityA        100      18       0        TABULAR    FacilityA                  0        0        .1       3.0      .1      
FacilityB        100      18       0        TABULAR    FacilityB                  0        0        .1       2.0      .1      
FacilityC        100      18       0        TABULAR    FacilityC                  0        0        .1       1.6      .1      

[WEIRS]
;;               Inlet            Outlet           Weir         Crest      Disch.     Flap End      End       
;;Name           Node             Node             Type         Height     Coeff.     Gate Con.     Coeff.    
;;-------------- ---------------- ---------------- ------------ ---------- ---------- ---- -------- ----------
1                FacilityA        1                TRANSVERSE   6.5        3.33       NO   0        0         
2                FacilityB        2                TRANSVERSE   4          3.33       NO   0        0         
3                FacilityC        3                TRANSVERSE   4          3.33       NO   0        0         

[XSECTIONS]
;;Link           Shape        Geom1            Geom2      Geom3      Geom4      Barrels   
;;-------------- ------------ ---------------- ---------- ---------- ---------- ----------
1                RECT_OPEN    10               9.42       0          0         
2                RECT_OPEN    10               7.85       0          0         
3                RECT_OPEN    10               9.42       0          0         

[CURVES]
;;Name           Type       X-Value    Y-Value   
;;-------------- ---------- ---------- ----------
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FacilityA        Storage    0.00       22154     
FacilityA                   0.33       22773     
FacilityA                   0.65       23400     
FacilityA                   1.30       24677     
FacilityA                   1.95       25985     
FacilityA                   2.60       27323     
FacilityA                   3.64       29518     
FacilityA                   4.23       30800     
FacilityA                   4.55       31519     
FacilityA                   5.20       32978     
FacilityA                   5.85       34468     
FacilityA                   6.50       35989     
FacilityA                   7.15       37539     
FacilityA                   7.80       39121     
FacilityA                   8.45       40732     
FacilityA                   9.10       42374     

FacilityB        Storage    0.00       12727     
FacilityB                   0.20       13016     
FacilityB                   0.40       13307     
FacilityB                   0.80       13899     
FacilityB                   1.20       14502     
FacilityB                   1.60       15117     
FacilityB                   2.20       16058     
FacilityB                   2.60       16704     
FacilityB                   2.80       17030     
FacilityB                   3.20       17690     
FacilityB                   3.60       18363     
FacilityB                   4.00       19047     
FacilityB                   4.40       19742     
FacilityB                   4.80       20449     
FacilityB                   5.20       21167     
FacilityB                   5.60       21897     

FacilityC        Storage    0.00       25678     
FacilityC                   0.20       26087     
FacilityC                   0.40       26499     
FacilityC                   0.80       27332     
FacilityC                   1.20       28177     
FacilityC                   1.60       29033     
FacilityC                   2.15       30219     
FacilityC                   2.60       31224     
FacilityC                   2.80       31671     
FacilityC                   3.20       32573     
FacilityC                   3.60       33487     
FacilityC                   4.00       34412     
FacilityC                   4.40       35349     
FacilityC                   4.80       36297     
FacilityC                   5.20       37257     
FacilityC                   5.60       38228     

[REPORT]
INPUT      NO
CONTROLS   NO
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Top of Water Quality Volume at 4.0 ft. 

Top of Water Quality Volume at 6.5 ft. 

Top of Water Quality Volume at 4.0 ft. 



SUBCATCHMENTS ALL
NODES ALL
LINKS ALL

[TAGS]

[MAP]
DIMENSIONS 0.000 0.000 10000.000 10000.000
Units      None

[COORDINATES]
;;Node           X-Coord            Y-Coord           
;;-------------- ------------------ ------------------
1                993.151            2000.000          
2                3773.973           1931.507          
3                6787.671           1958.904          
FacilityA        979.452            3712.329          
FacilityB        3760.274           3589.041          
FacilityC        6732.877           3479.452          

[VERTICES]
;;Link           X-Coord            Y-Coord           
;;-------------- ------------------ ------------------

[Polygons]
;;Subcatchment   X-Coord            Y-Coord           
;;-------------- ------------------ ------------------
A-AB             308.219            7410.959          
A-C              1554.795           7465.753          
B-AB             3267.123           7410.959          
B-C              4294.521           7452.055          
C-AB             6404.110           7342.466          
C-C              7226.027           7342.466          

[SYMBOLS]
;;Gage           X-Coord            Y-Coord           
;;-------------- ------------------ ------------------
Newhall          2806.122           8992.347          
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  
  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,  
  not just on results from each reporting time step.
  *********************************************************
  
  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ NO
    Water Quality .......... NO
  Infiltration Method ...... GREEN_AMPT
  Flow Routing Method ...... KINWAVE
  Starting Date ............ OCT-01-1968 00:00:00
  Ending Date .............. OCT-01-2008 06:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:10:00
  Wet Time Step ............ 00:15:00
  Dry Time Step ............ 04:00:00
  Routing Time Step ........ 30.00 sec
  
  
  *********************
  Rainfall File Summary
  *********************
  Station    First        Last         Recording   Periods    Periods    Periods
  ID         Date         Date         Frequency  w/Precip    Missing    Malfunc.
  -------------------------------------------------------------------------------
  46162      OCT-02-1968  DEC-25-2008     60 min      5324          0          0

  
  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......      7666.707       733.130
  Evaporation Loss .........       216.102        20.665
  Infiltration Loss ........      2500.336       239.095
  Surface Runoff ...........      5014.666       479.528
  Final Surface Storage ....         0.000         0.000
  Continuity Error (%) .....        -0.840
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  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......      5014.666      1634.104
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........       990.234       322.683
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........      4024.191      1311.343
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
  Continuity Error (%) .....         0.005
  
  
  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.
  
  
  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :    30.00 sec
  Average Time Step           :    30.00 sec
  Maximum Time Step           :    30.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     1.00
  
  
  ***************************
  Subcatchment Runoff Summary
  ***************************
  
  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  A-AB                     733.13       0.00      31.92       6.26     703.27       15.66     1.18   0.959
  A-C                      733.13       0.00      17.23     309.33     411.97      786.07    94.72   0.562
  B-AB                     733.13       0.00      31.56      13.57     696.28        8.32     0.63   0.950
  B-C                      733.13       0.00      25.55     134.32     580.57      297.16    26.40   0.792
  C-AB                     733.13       0.00      23.50     184.74     531.66      436.41    41.31   0.725
  C-C                      733.13       0.00      30.77      28.65     681.93       90.36     6.99   0.930
  
  
  ******************
  Node Depth Summary
  ******************
  
  ---------------------------------------------------------------------
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                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  1                    OUTFALL      0.00     0.00     0.00     0  00:00
  2                    OUTFALL      0.00     0.00     0.00     0  00:00
  3                    OUTFALL      0.00     0.00     0.00     0  00:00
  FacilityA            STORAGE      0.08     8.54   108.54  10721  20:01
  FacilityB            STORAGE      0.06     4.99   104.99  10721  20:00
  FacilityC            STORAGE      0.06     5.30   105.30  10721  20:01
  
  
  *******************
  Node Inflow Summary
  *******************
  
  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  1                    OUTFALL       0.00    91.61  10721  20:01       0.000     159.683
  2                    OUTFALL       0.00    25.93  10721  20:00       0.000      59.699
  3                    OUTFALL       0.00    46.25  10721  20:01       0.000     103.276
  FacilityA            STORAGE      95.90    95.90  10721  20:00     801.732     801.732
  FacilityB            STORAGE      27.03    27.03  10721  20:00     305.479     305.479
  FacilityC            STORAGE      48.29    48.29  10721  20:00     526.772     526.772
  
  
  **********************
  Node Surcharge Summary
  **********************
  
  No nodes were surcharged.
  
  
  *********************
  Node Flooding Summary
  *********************
  
  No nodes were flooded.
  
  
  **********************
  Storage Volume Summary
  **********************
  
  --------------------------------------------------------------------------------------------
                         Average     Avg   E&I       Maximum     Max    Time of Max    Maximum
                          Volume    Pcnt  Pcnt        Volume    Pcnt     Occurrence    Outflow
  Storage Unit          1000 ft3    Full  Loss      1000 ft3    Full    days hr:min        CFS
  --------------------------------------------------------------------------------------------
  FacilityA                2.254       0    80       265.903      35    10721  20:00      91.61
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Total Inflow 

Total Bypass 

Example calculation - Facility A 
% Capture = 1-(Total Bypass/Total Inflow) 
                  = 1-(159.983/801.732) 
                  = 80.08% 



  FacilityB                0.839       0    80        82.977      16    10721  20:00      25.93
  FacilityC                1.824       0    80       166.362      20    10721  20:00      46.25
  
  
  ***********************
  Outfall Loading Summary
  ***********************
  
  -----------------------------------------------------------
                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  1                      0.20      8.48     91.61     159.683
  2                      0.25      2.52     25.93      59.699
  3                      0.29      3.79     46.25     103.276
  -----------------------------------------------------------
  System                 0.25     14.79    163.78     322.659
  
  
  ********************
  Link Flow Summary
  ********************
  
  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  1                    WEIR        91.61  10721  20:01                      0.00
  2                    WEIR        25.93  10721  20:00                      0.00
  3                    WEIR        46.25  10721  20:01                      0.00
  
  
  *************************
  Conduit Surcharge Summary
  *************************
  
  No conduits were surcharged.
  

  Analysis begun on:  Tue Oct 15 09:12:11 2013
  Analysis ended on:  Tue Oct 15 09:13:19 2013
  Total elapsed time: 00:01:08
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[TITLE] 
 
[OPTIONS] 
FLOW_UNITS           CFS 
INFILTRATION         GREEN_AMPT 
FLOW_ROUTING         KINWAVE 
START_DATE           10/01/1968 
START_TIME           00:00:00 
REPORT_START_DATE    10/01/1968 
REPORT_START_TIME    00:00:00 
END_DATE             10/01/2008 
END_TIME             06:00:00 
SWEEP_START          01/01 
SWEEP_END            12/31 
DRY_DAYS             0 
REPORT_STEP          00:10:00 
WET_STEP             00:15:00 
DRY_STEP             04:00:00 
ROUTING_STEP         0:00:30  
ALLOW_PONDING        NO 
INERTIAL_DAMPING     PARTIAL 
VARIABLE_STEP        0.75 
LENGTHENING_STEP     0 
MIN_SURFAREA         0 
NORMAL_FLOW_LIMITED  BOTH 
SKIP_STEADY_STATE    NO 
FORCE_MAIN_EQUATION  H-W 
LINK_OFFSETS         DEPTH 
MIN_SLOPE            0 
 
[EVAPORATION] 
;;Type       Parameters 
;;---------- ---------- 
MONTHLY      0.03   0.0479 0.0719 0.102  0.132  0.156  0.168  0.15   0.114  0.0781 0.042  0.03   
DRY_ONLY     NO 
 
[RAINGAGES] 
;;               Rain      Time   Snow   Data       
;;Name           Type      Intrvl Catch  Source     
;;-------------- --------- ------ ------ ---------- 
Newhall          INTENSITY 1:00   1.0    FILE       "NEWHALL_PATCHED_20091119.NCD" 46162     
 IN    
 
[SUBCATCHMENTS] 
;;                                                 Total    Pcnt.             Pcnt.   
 Curb     Snow     
;;Name           Raingage         Outlet           Area     Imperv   Width    Slope   
 Length   Pack     
;;-------------- ---------------- ---------------- -------- -------- -------- ------
-- -------- -------- 
Category1        Newhall          FacilityA        1        100      174.2    5       
 0                         
Category2        Newhall          FacilityB        1        100      174.2    5       
 0                         
Category3        Newhall          FacilityC        1        100      174.2    5       
 0                         
 
[SUBAREAS] 
;;Subcatchment   N-Imperv   N-Perv     S-Imperv   S-Perv     PctZero    RouteTo   
 PctRouted  
;;-------------- ---------- ---------- ---------- ---------- ---------- ---------- ------
---- 
Category1        0.012      0.25       0.02       0.06       25         OUTLET     
Category2        0.012      0.25       0.02       0.06       25         OUTLET     
Category3        0.012      0.25       0.02       0.06       25         OUTLET     
 
 
 

9

A 1-acre unit area was modeled with 100% imperviousness and soil 
parameters consistent with Regional Facility model.   



 
 

[INFILTRATION] 
;;Subcatchment   Suction    HydCon     IMDmax     
;;-------------- ---------- ---------- ---------- 
Category1        8          0.275      0.32       
Category2        8          0.275      0.32       
Category3        8          0.275      0.32       
 
[JUNCTIONS] 
;;               Invert     Max.       Init.      Surcharge  Ponded     
;;Name           Elev.      Depth      Depth      Depth      Area       
;;-------------- ---------- ---------- ---------- ---------- ---------- 
Cat2Weir         0          0          0          0          0          
Cat3Weir         0          0          0          0          0          
Cat1Weir         0          0          0          0          0          
 
[OUTFALLS] 
;;               Invert     Outfall    Stage/Table      Tide 
;;Name           Elev.      Type       Time Series      Gate 
;;-------------- ---------- ---------- ---------------- ---- 
1                0          FREE                        NO 
2                0          FREE                        NO 
3                0          FREE                        NO 
 
[STORAGE] 
;;        Invert      Max.         Init.     Storage  Curve     Ponded  Evap                  
;;Name Elev        Depth        Depth     Curve    Params    Area    Frac   Infiltration Parameters                    
FacilityA   10 18 0       TABULAR  FacilityA  0       0     0.01 1.3 0.01 
     
FacilityB   10 18 0       TABULAR  FacilityB  0       0    0.01 0.15 0.01                
   
FacilityC   10 18 0       TABULAR  FacilityC                
      
 
[CONDUITS] 
;;               Inlet            Outlet                      Manning    Inlet      Outlet    
 Init.      Max.       
;;Name           Node             Node             Length     N          Offset     Offset    
 Flow       Flow       
;;-------------- ---------------- ---------------- ---------- ---------- ---------- ------
---- ---------- ---------- 
4                Cat2Weir         2                10         0.01       0          0         
 0          0          
5                Cat3Weir         3                10         0.01       0          0         
 0          0          
6                Cat1Weir         1                10         0.01       0          0         
 0          0          
 
[WEIRS] 
;;               Inlet            Outlet           Weir         Crest      Disch.     Flap
 End      End        
;;Name           Node             Node             Type         Height     Coeff.     Gate
 Con.     Coeff.     
;;-------------- ---------------- ---------------- ------------ ---------- ---------- ----
 -------- ---------- 
1                FacilityA        Cat1Weir         TRANSVERSE   2          3.33       NO  
 0        0          
2                FacilityB        Cat2Weir         TRANSVERSE   2.1        3.33       NO  
 0        0          
3                FacilityC        Cat3Weir         TRANSVERSE   1.5        3.33       NO  
 0        0          
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Catchment is 100% impervious; 
therefore, no sensitivity to soil 
parameters 

Weir crest height establishes the 
max WQ depth of each BMP 
Category; depth below overflow 
consists of effective storage depth 
in ponding and gravel pores 

Infiltration rate for Category 1 set 
to yield 21 hour drawdown



 
 

[OUTLETS] 
;;               Inlet            Outlet           Outflow    Outlet          Qcoeff/         
            Flap 
;;Name           Node             Node             Height     Type            QTable          
 Qexpon     Gate 
;;-------------- ---------------- ---------------- ---------- --------------- -------------
--- ---------- ---- 
Cat2Underdrain   FacilityB        2                .6         TABULAR/HEAD    2Underdrain     
            NO   
Cat3Underdrain   FacilityC        3                0          TABULAR/HEAD    3Underdrain     
            NO   
 
[XSECTIONS] 
;;Link           Shape        Geom1            Geom2      Geom3      Geom4      Barrels    
;;-------------- ------------ ---------------- ---------- ---------- ---------- ---------- 
4                DUMMY        0                0          0          0          1             
5                DUMMY        0                0          0          0          1             
6                DUMMY        0                0          0          0          1             
1                RECT_OPEN    16               10         0          0          
2                RECT_OPEN    16               10         0          0          
3                RECT_OPEN    16               10         0          0          
 
[LOSSES] 
;;Link           Inlet      Outlet     Average    Flap Gate  
;;-------------- ---------- ---------- ---------- ---------- 
 
[CURVES] 
;;Name           Type       X-Value    Y-Value    
;;-------------- ---------- ---------- ---------- 
2Underdrain      Rating     0          0          
2Underdrain                 .01        .2         
2Underdrain                 18         .2         
 
3Underdrain      Rating     0          0          
3Underdrain                 .01        .27        
3Underdrain                 18         .27        
 
FacilityA        Storage    0          1781       
FacilityA                   18         1781       
 
FacilityB        Storage    0          1696       
FacilityB                   18         1696       
 
FacilityC        Storage    0          2374       
FacilityC                   18         2374       
 
[REPORT] 
INPUT      NO 
CONTROLS   NO 
SUBCATCHMENTS ALL 
NODES ALL 
LINKS ALL 
 
[TAGS] 
 
[MAP] 
DIMENSIONS 0.000 0.000 10000.000 10000.000 
Units      None 
 
[COORDINATES] 
;;Node           X-Coord            Y-Coord            
;;-------------- ------------------ ------------------ 
Cat2Weir         3738.602           2750.760           
Cat3Weir         6762.918           2720.365           
Cat1Weir         1124.620           2462.006           
1                993.151            2000.000           
2                3773.973           1931.507           
3                6787.671           1958.904           
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Underdrain rating curves developed for 5 
in/hr media filtration rate.  
Category 2 example: 
Q(cfs) = (1/12)*(1/3600)*(5)*surface area 
           = (1/12)*(1/3600)*5*1696 
           = 0.20 cfs



 

FacilityA        979.452            3712.329           
FacilityB        3760.274           3589.041           
FacilityC        6732.877           3479.452           
 
[VERTICES] 
;;Link           X-Coord            Y-Coord            
;;-------------- ------------------ ------------------ 
Cat2Underdrain   4620.061           2963.526           
Cat3Underdrain   7887.538           3161.094           
 
[Polygons] 
;;Subcatchment   X-Coord            Y-Coord            
;;-------------- ------------------ ------------------ 
Category1        308.219            7410.959           
Category2        3267.123           7410.959           
Category3        6404.110           7342.466           
 
[SYMBOLS] 
;;Gage           X-Coord            Y-Coord            
;;-------------- ------------------ ------------------ 
Newhall          2806.122           8992.347           
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022) 
  -------------------------------------------------------------- 
 
   
  ********************************************************* 
  NOTE: The summary statistics displayed in this report are 
  based on results found at every computational time step,   
  not just on results from each reporting time step. 
  ********************************************************* 
   
  **************** 
  Analysis Options 
  **************** 
  Flow Units ............... CFS 
  Process Models: 
    Rainfall/Runoff ........ YES 
    Snowmelt ............... NO 
    Groundwater ............ NO 
    Flow Routing ........... YES 
    Ponding Allowed ........ NO 
    Water Quality .......... NO 
  Infiltration Method ...... GREEN_AMPT 
  Flow Routing Method ...... KINWAVE 
  Starting Date ............ OCT-01-1968 00:00:00 
  Ending Date .............. OCT-01-2008 06:00:00 
  Antecedent Dry Days ...... 0.0 
  Report Time Step ......... 00:10:00 
  Wet Time Step ............ 00:15:00 
  Dry Time Step ............ 04:00:00 
  Routing Time Step ........ 30.00 sec 
   
 
  WARNING 04: minimum elevation drop used for Conduit 4 
 
  WARNING 04: minimum elevation drop used for Conduit 5 
 
  WARNING 04: minimum elevation drop used for Conduit 6 
   
  ********************* 
  Rainfall File Summary 
  ********************* 
  Station    First        Last         Recording   Periods    Periods    Periods 
  ID         Date         Date         Frequency  w/Precip    Missing    Malfunc. 
  ------------------------------------------------------------------------------- 
  46162      OCT-02-1968  DEC-25-2008     60 min      5324          0          0 
 
   
  **************************        Volume         Depth 
  Runoff Quantity Continuity     acre-feet        inches 
  **************************     ---------       ------- 
  Total Precipitation ......       183.282       733.130 
  Evaporation Loss .........         8.056        32.224 
  Infiltration Loss ........         0.000         0.000 
  Surface Runoff ...........       177.318       709.270 
  Final Surface Storage ....         0.000         0.000 
  Continuity Error (%) .....        -1.141 
   
   
  **************************        Volume        Volume 
  Flow Routing Continuity        acre-feet      10^6 gal 
  **************************     ---------     --------- 
  Dry Weather Inflow .......         0.000         0.000 
  Wet Weather Inflow .......       177.318        57.782 
  Groundwater Inflow .......         0.000         0.000 
  RDII Inflow ..............         0.000         0.000 
  External Inflow ..........         0.000         0.000 
  External Outflow .........       113.375        36.945 
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Representative Parcel-based, Stand-alone BMPs

Three unit-area models were set 
up to demonstrate that when a 
BMP is sized per the SWQDv, at 
least 80% capture is achieved. 
The three models are as described 
in Attachment A. 



 
 

  Internal Outflow .........         0.000         0.000 
  Storage Losses ...........        63.939        20.836 
  Initial Stored Volume ....         0.000         0.000 
  Final Stored Volume ......         0.000         0.000 
  Continuity Error (%) .....         0.002 
   
   
  ******************************** 
  Highest Flow Instability Indexes 
  ******************************** 
  All links are stable. 
   
   
  ************************* 
  Routing Time Step Summary 
  ************************* 
  Minimum Time Step           :    30.00 sec 
  Average Time Step           :    30.00 sec 
  Maximum Time Step           :    30.00 sec 
  Percent in Steady State     :     0.00 
  Average Iterations per Step :     1.00 
   
   
  *************************** 
  Subcatchment Runoff Summary 
  *************************** 
   
  -------------------------------------------------------------------------------------------------------- 
                            Total      Total      Total      Total      Total       Total     Peak  Runoff 
                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff 
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS 
  -------------------------------------------------------------------------------------------------------- 
  Category1                733.13       0.00      32.22       0.00     709.27       19.26     1.44   0.967 
  Category2                733.13       0.00      32.22       0.00     709.27       19.26     1.44   0.967 
  Category3                733.13       0.00      32.22       0.00     709.27       19.26     1.44   0.967 
   
   
  ****************** 
  Node Depth Summary 
  ****************** 
   
  --------------------------------------------------------------------- 
                                 Average  Maximum  Maximum  Time of Max 
                                   Depth    Depth      HGL   Occurrence 
  Node                 Type         Feet     Feet     Feet  days hr:min 
  --------------------------------------------------------------------- 
  Cat2Weir             JUNCTION     0.00     0.00     0.00     0  00:00 
  Cat3Weir             JUNCTION     0.00     0.00     0.00     0  00:00 
  Cat1Weir             JUNCTION     0.00     0.00     0.00     0  00:00 
  1                    OUTFALL      0.00     0.00     0.00     0  00:00 
  2                    OUTFALL      0.00     0.00     0.00     0  00:00 
  3                    OUTFALL      0.00     0.00     0.00     0  00:00 
  FacilityA            STORAGE      0.02     2.12   102.12  10721  19:19 
  FacilityB            STORAGE      0.03     2.21   102.21  10721  19:20 
  FacilityC            STORAGE      0.00     1.61   101.61  10721  20:00 
   
   
  ******************* 
  Node Inflow Summary 
  ******************* 
   
  ------------------------------------------------------------------------------------- 
                                  Maximum  Maximum                  Lateral       Total 
                                  Lateral    Total  Time of Max      Inflow      Inflow 
                                   Inflow   Inflow   Occurrence      Volume      Volume 
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal 
  ------------------------------------------------------------------------------------- 
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  Cat2Weir             JUNCTION      0.00     1.24  10721  19:20       0.000       0.732 
  Cat3Weir             JUNCTION      0.00     1.17  10721  20:00       0.000       0.240 
  Cat1Weir             JUNCTION      0.00     1.39  10721  19:19       0.000       3.860 
  1                    OUTFALL       0.00     1.39  10721  19:19       0.000       3.860 
  2                    OUTFALL       0.00     1.44  10721  19:20       0.000      13.823 
  3                    OUTFALL       0.00     1.44  10721  20:00       0.000      19.260 
  Category1            STORAGE       1.44     1.44  10721  19:30      19.259      19.259 
  Category2            STORAGE       1.44     1.44  10721  19:30      19.259      19.259 
  Category3            STORAGE       1.44     1.44  10721  19:30      19.259      19.259 
   
   
  ********************** 
  Node Surcharge Summary 
  ********************** 
   
  No nodes were surcharged. 
   
   
  ********************* 
  Node Flooding Summary 
  ********************* 
   
  No nodes were flooded. 
   
   
  ********************** 
  Storage Volume Summary 
  ********************** 
   
  -------------------------------------------------------------------------------------------- 
                         Average     Avg   E&I       Maximum     Max    Time of Max    Maximum 
                          Volume    Pcnt  Pcnt        Volume    Pcnt     Occurrence    Outflow 
  Storage Unit          1000 ft3    Full  Loss      1000 ft3    Full    days hr:min        CFS 
  -------------------------------------------------------------------------------------------- 
  FacilityA                0.042       0    80         3.776      12    10721  19:18       1.39 
  FacilityB                0.057       0    28         3.751      12    10721  19:19       1.44 
  FacilityC                0.003       0     0         3.816       9    10721  20:00       1.44 
   
   
  *********************** 
  Outfall Loading Summary 
  *********************** 
   
  ----------------------------------------------------------- 
                        Flow       Avg.      Max.       Total 
                        Freq.      Flow      Flow      Volume 
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal 
  ----------------------------------------------------------- 
  1                      0.23      0.17      1.39       3.860 
  2                      1.06      0.14      1.44      13.823 
  3                      2.04      0.10      1.44      19.260 
  ----------------------------------------------------------- 
  System                 1.11      0.41      4.26      36.942 
   
   
  ******************** 
  Link Flow Summary 
  ******************** 
   
  ----------------------------------------------------------------------------- 
                                 Maximum  Time of Max   Maximum    Max/    Max/ 
                                  |Flow|   Occurrence   |Veloc|    Full    Full 
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth 
  ----------------------------------------------------------------------------- 
  4                    DUMMY        1.24  10721  19:20 
  5                    DUMMY        1.17  10721  20:00 
  6                    DUMMY        1.39  10721  19:19 
  1                    WEIR         1.39  10721  19:19                      0.00 
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Total 
Bypass

Total Inflow

Example calculation - Category 1 
% Capture   = 1-(Total Bypass/Total Inflow) 
                    = 1-(3.86/19.259) 
                    = 80.0%



 
 

  2                    WEIR         1.24  10721  19:20                      0.00 
  3                    WEIR         1.17  10721  20:00                      0.00 
  Cat2Underdrain       DUMMY        0.20   110  13:10 
  Cat3Underdrain       DUMMY        0.27   110  13:15 
   
   
  ************************* 
  Conduit Surcharge Summary 
  ************************* 
   
  ---------------------------------------------------------------------------- 
                                                           Hours        Hours  
                         --------- Hours Full --------   Above Full   Capacity 
  Conduit                Both Ends  Upstream  Dnstream   Normal Flow   Limited 
  ---------------------------------------------------------------------------- 
  4                           0.01      0.01      0.01  350646.01         0.01 
  5                           0.01      0.01      0.01  350646.01         0.01 
  6                           0.01      0.01      0.01  350646.01         0.01 
   
 
  Analysis begun on:  Tue Nov 12 09:29:37 2013 
  Analysis ended on:  Tue Nov 12 09:31:12 2013 
  Total elapsed time: 00:01:35 
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10. REGIONAL INFILTRATION/BIOFILTRATION FACILITIES 

Definition 

Regional infiltration/biofiltration facilities are a functional hybrid between bioretention areas and 
infiltration basins constructed at a regional scale (i.e., facilities that serve more than one parcel 
and/or adjacent projects). Regional infiltration/biofiltration facilities are designed to incorporate 
a biofilter in the bottom of a regional basin, which will allow for infiltration if feasible, with 
detention storage above the biofilter. Facility design shall be tailored to soil and hydrogeologic 
conditions at the facility location, per the following hierarchy:  

Infiltration – Where regional facilities are located in well drained soils and no other 
technical feasibility concerns exist, they shall be designed to fully infiltrate the stormwater 
quality design volume (SWQDv).  

Bioinfiltration – Where facilities are located in soils with low infiltration rates, but no other 
technical infeasibility concerns exist, they shall be designed as a bioinfiltration facility. 
Bioinfiltration facilities may also be appropriate where soil infiltration rates are higher, but 
where infiltration of the full water quality volume would cause impacts to site environs, such 
as unacceptable levels of groundwater mounding, lateral migration of infiltrated water 
towards sensitive slopes, hydrogeologic impacts on resources such as springs, and/or 
impacts to water balance of channels such that biological impacts could result. Bioinfiltration 
facilities include a gravel sump below the underdrain to provide additional infiltration 
capacity. In this type of facility, a portion of the treated water is infiltrated and a portion of 
the treated water is discharged. Note that the infiltration capacity of the site does not need 
to be adequate to drain the entire basin, as the elevated underdrain provides a treated 
discharge pathway when infiltration capacity is exceeded.  

Biofiltration - Where site conditions do not allow for infiltration, an underdrain system 
shall be provided near the bottom of the BMP, without a significant sump below. Where 
infiltration in any amount is not allowable, such as locations with geotechnical concerns, an 
impermeable liner should be provided, or other design features shall be included (such as a 
cutoff wall) to address geotechnical concerns.  

Bioinfiltration/Biofiltration Facility Design Specifications 

Feasibility Criteria 

The following feasibility criteria shall apply to the selection of the type of regional infiltration/ 
biofiltration facility, per the hierarchy described above.  

1. Soil Infiltration Rates – The minimum infiltration rate is 0.5 inches per hour1 for BMPs 
that are designed to infiltrate the full SWQDv. Where infiltration rates exceed 0.5 inches 

                                           

1 For projects that are subject to the provisions of the 2012 Los Angeles County MS4 Permit (Order No. 
R4-2012-0175), technical infeasibility results from infiltration rate of saturated in-situ soils less than 0.3 
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per hour and no other factors limit rate or quantity of infiltration that can be reliably and 
safely achieved, then infiltration systems shall be used. Infiltration testing shall be 
conducted in accordance with the Geotechnical and Materials Engineering Division Low 
Impact Development Best Management Practice Guideline For Design, Investigation, and 
Reporting (GS200.1; 06/01/11). 

2. Depth to Groundwater – For infiltration and bioinfiltration facilities, the invert of the 
infiltration facility shall be 10 feet or greater above Seasonal High Groundwater Elevation 
(SHGWE). 

3. Geotechnical Hazards – Infiltration shall not cause geotechnical hazards. 

a. Infiltration facilities should not be located on slopes with gradients greater than 
20 percent (5:1 horizontal to vertical). 

b. Infiltration should not increase pore-water pressure acting on soil retaining 
structures on/or adjacent to the site, unless the structures are specifically 
designed for the increased pressure. 

c. Infiltration should not increase the potential for static or seismic settlement of 
structures on/or adjacent to the site. 

d. Infiltration facilities should not be located on expansive soil or rock. 

e. Infiltration should not be allowed where infiltration introduce geotechnical 
hazards that cannot be reasonably mitigated. 

4. Pollutant Mobilization - Infiltration facilities are not allowed in locations where infiltrated 
water would mobilize pollutants in soil or groundwater or where mobilization of septic 
system effluent mobilization may be a concern. 

5. Biological Resources – Infiltration facilities are not allowed in locations where infiltration 
could cause adverse impacts to biological resources. 

Site Geotechnical Investigation 

A site-specific geotechnical investigation is required to determine subsurface conditions, 
infiltration rates, the SHGWE, and impacts to site environs as listed in the Feasibility Criteria. 
The investigation must be conducted by or under direct supervision of a State of California-
licensed engineering geologist, geotechnical engineer, or civil engineer with experience in 
geotechnical engineering, and in compliance with the Geotechnical and Materials Engineering 
Division Low Impact Development Best Management Practice Guideline For Design, 
Investigation, and Reporting (GS200.1; 06/01/11). 

The Geotechnical Infiltration Feasibility Report shall address: 

 Infiltration rates 

 Site sub-surface geology and potential pathways for infiltrated water 

                                                                                                                                        

inch per hour and it is not technically feasible to amend the in-situ soils to attain an infiltration rate 
necessary to achieve reliable performance of infiltration in retaining the SWQDv on-site. 
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 Seasonal high groundwater levels 

 Potential for groundwater mounding below the facility or down gradient 

 Considerations related to cut and/or fill, as applicable 

 Geotechnical hazards 

 Other impacts to site environs, such as water balance impacts on biological resources 

 Utilities and setbacks 

Setbacks  

Infiltration facilities on private parcels must comply with the following setbacks unless otherwise 
recommended by a Soils Engineer and approved by the Geotechnical and Materials Engineering 
Division: 

INFILTRATION FACILITY SETBACKS 

Setback From Distance 

Property Lines and Public Right-of-Way1 5 feet 

Any Foundation 
15 feet or within a 1:1 plane drawn up from 
the bottom of the foundation 

Face of Any Slope H/2, 5 feet minimum (H is height of slope) 

Private water wells used for drinking water 100 feet 
1 Setbacks from public right of ways do not apply to infiltration facilities constructed within public right of ways. 
Deviations from setback criteria from public right of ways may be permitted for private parcels with County approval.  

Pretreatment 

Pretreatment shall be provided in order to reduce the sediment load entering the facility and to 
maintain the infiltration/filtration rate of the basin. Pretreatment refers to design features that 
provide settling of large particles before runoff reaches a management practice; easing the 
long-term maintenance burden of the facility. Pretreatment is important for all structural 
stormwater management practices, but it is particularly important for infiltration and biofiltration 
practices. To ensure that pretreatment mechanisms are effective, designers shall incorporate 
sediment reduction practices. Sediment reductions BMPs may include vegetated swales, 
vegetated filter strips, sedimentation basins or forebays, sedimentation manholes, 
hydrodynamic separation devices, and effective stabilization of upland sediment sources. The 
use of at least two pretreatment devices is highly recommended for infiltration and biofiltration 
facilities.  

Sizing Methodology 

Regional infiltration/biofiltration facilities are volume-based BMPs and shall be sized to capture 
and infiltrate and/or biofilter stormwater runoff per the requirements that apply to the project. 
Sizing requirements vary by project2 and may take the form of (1) demonstrating that a given 
                                           

2 Default sizing requirements for new development projects are found in the 2012 Los Angeles County 

MS4 Permit (Order No. R4-2012-0175). Sizing requirements vary as a function of grandfathering under 

the 2001 previous MS4 permit and/or project-specific permits.  
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Stormwater Quality Design Volume (SWQDv) is captured and managed for a design rainfall-
runoff event, and/or (2) demonstrating that a certain fraction of long term runoff volume is 
captured and managed. Multiple facilities, such as upstream BMPs on parcels and/or multiple 
regional facilities, may be used to meet the overall infiltration/biofiltration sizing requirements 
for a project. Therefore sizing of a given regional infiltration/biofiltration facility is a function of 
the other controls that are proposed within a project as well as the sizing standard that is 
applicable to the project. General guidance is provided below for demonstrating conformance to 
each of the types of sizing standard; this section is not intended to provide specific sizing 
criteria for all potential requirements and design scenarios. 

SWQDv Design Storm Capture Analysis 

In general a SWQDv design storm capture analysis involves demonstrating that the regional 
facility is designed with adequate volume to capture the SWQDv that is not managed by other 
controls and adequate infiltration/filtration capacity to treat the captured water. The simplest 
form of analysis involves calculating the SWQDv that is not managed by other stormwater 
controls, designing the regional infiltration/biofiltration facility with this storage volume, and 
demonstrating that this storage volume is drained within a specified time. For regional 
infiltration/biofiltration facilities, the SWQDv shall be completely infiltrated or biofiltered within 
96 hours (including subsurface pore space), and surface ponding shall be drained within 48 
hours. 

Alternatively, a SWQDv design storm capture analysis can take credit for the infiltration/filtration 
routing that occurs within the SWQDv design storm. In this case, the methods specified in the 
Los Angeles County Hydrology Manual shall be used to generate a runoff hydrograph for the 
design storm event, and this runoff hydrograph shall be routed through the regional 
infiltration/biofiltration facility using standard hydrology/hydraulic methods and assumptions.  

Long Term Capture Analysis 

A continuous runoff model, such as US EPA’s SWMM Model, can be used to optimally size 
regional bioinfiltration and biofiltration basins and may be required to demonstrate that a 
regional facility captures and manages a certain fraction of long term runoff volume. A 
continuous simulation model consists of three components: a representative long term period of 
rainfall data (≈ 20 years or greater) as the primary model input; a model component 
representing the tributary area to the regional basin that takes into account the amount of 
impervious area, soil types of the pervious area, vegetation, evapotranspiration, etc.; and a 
component that simulates the regional basin. 

The continuous simulation model routes the predicted tributary runoff to the regional basin, 
where treatment is simulated as a function of the infiltrative (flow) capacity of the biofilter and 
the available storage volume above the biofilter. In a continuous runoff model such as SWMM, 
the physical parameters of the regional basin are represented with stage-storage-discharge 
relationships. Designs are analyzed iteratively to identify the facility volume required to capture 
the specified fraction of long term runoff volume. 

In addition to continuous simulation modeling, routing spreadsheets and/or other forms of 
routing modeling that incorporate rainfall-runoff relationships and infiltrative (flow) capacities of 
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biofilters may be used to size facilities. Alternative sizing methodologies should be prepared 
with good engineering practices. 

Biofiltration Facility Geometry 

1. Facilities shall be designed and constructed with the flattest bottom slope possible to 
promote uniform ponding and infiltration/filtration across the facility. 

2. Ponding depth above media should not exceed 10 feet.  

3. Media depth shall be a minimum of 2 feet.   

4. Facility side-slopes shall be no steeper than 3H:1V. 

5. A sediment forebay is required unless adequate pretreatment is provided in a separate 
pretreatment unit (e.g., upstream hydrodynamic device or vegetated swale) to address 
sediment loads, or the tributary catchment is mostly impervious. The sediment forebay, if 
present, shall have a bottom footprint equal to 20% of the total facility  bottom footprint 
and shall be separate by a berm with height of at least half of the total ponding depth of 
the facility.  

Biofiltration Flow Entrance and Energy Dissipation 

1. All significant inlets shall enter the sediment forebay, if a sediment forebay is provided as 
the required pretreatment device.  

2. Energy dissipation shall be provided at each inlet to the facility and shall be engineered to 
control the velocity of inflows to less than 4 feet per second to prevent scour of the media 
bed. 

3. Woody plants (trees, shrubs, etc.) shall not be placed directly in the entrance flow path, but 
may be used in other portions of the regional facility. 

Biofilter Internal Flow Distribution, Media Bed Hydraulics, and Outlet Control 

The following design features shall be incorporated to help prevent short circuiting3:  

1. An internal flow distribution system shall be provided to spread pre-treated inflows evenly 
across the media bed. For example, a distribution channel or perforated pipe can be 
installed around a portion of the perimeter (1/2 to 2/3 of the perimeter of the system), and 
internal to the facility, where needed, to distribute flows within the facility. The distribution 
system shall be designed to drain completely between storm events.  

                                           

3 Short-circuiting of flows refers to a disproportionately high fraction of the total filtration occurring in the 
immediate vicinity of the inlet These conditions are undesirable as this can overwhelm biological functions 

and treatment processes in the areas receiving the majority of the flow and result in lower treatment 
performance on average.  
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2. An outlet-controlled underdrain system shall be provided. This consists of an orifice or other 
flow control device that controls the rate at which water discharges from the system 
underdrain.4 A range of potential hydraulic design configurations may be engineered to 
provide outlet control. See Figure 2. 

3. The outlet control shall be designed such that the ponded water volume and water stored in 
the biofiltration media above the underdrain drains in 48 hours or less.  

4. The outlet control shall be designed such that the average infiltration rate through the 
media (i.e., the rate at which water passes through the media; as controlled by the outlet, 
not by the saturated hydraulic conductivity of the media) is approximately 5 in/hr.5  

5. For bioinfiltration facilities, where a gravel sump is provided, the infiltration capacity of the 
subsurface geology should be adequate to drain the sump within a maximum of 48 hours 
after the volume above the underdrains has drained. An observation well shall be 
incorporated to allow observation of drain time. 

6. For both biofiltration and bioinfiltration facilities, it is recommended that the physical 
location of the underdrain pipe be near the bottom of the gravel drainage layer such that 
the entire facility can be drained via gravity as needed. For bioinfiltration facilities, the effect 
of an “elevated underdrain” can be achieved by providing an upturned elbow at the outlet 
structure or otherwise controlling the outflow hydraulics such that the controlling elevation 
of discharge is elevated. This allows the depth of the infiltration sump to be relatively easily 
adapted should it be desired to infiltrate more or less water at some point in the future. 
Other outlet control configurations are possible. See Figure 2. 

7. The facility must drain freely to an acceptable discharge point; pumped discharge is 
discouraged. The facility discharge can be connected to a downstream open conveyance, 
daylight to a vegetated dispersion area using an effective flow dispersion device, discharge 
to drywells for injection into subsurface soils, or discharge to a storm drain. 

8. If the design configuration has potential for trapped air in the underdrain system to interfere 
with infiltration through the media bed (i.e., an “airlock”), it may be necessary to vent at an 
elevation above the high water line. . 

                                           

4 When an outlet-controlled underdrain is used, the rate of flow through the media is controlled by the 

rate that water can discharge from the underdrain orifice rather than the filtration rate of the media. The 
filtration rate of the media  may vary spatially and will change with time. The use of an outlet controlled 

underdrain promotes more uniform infiltration across the media bed and longer average contact time 
with the biofiltration media. It also allows the biofiltration media to be designed with a higher initial 

saturated hydraulic conductivity, such that a greater degree of clogging can occur before maintenance of 

the media bed is required. 

5 For projects that are subject to the provisions of the 2012 Los Angeles County MS4 Permit (Order No. 

R4-2012-0175), The planting media placed in the cell should achieve a long-term, in-place infiltration rate 
of at least 5 inches per hour. Higher infiltration rates of up to 12 inches per hour are permissible. 
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Biofiltration Media Specifications 

1. Biofiltration media shall be engineered to meet the following performance goals which can 
be achieved by adhering to the specifications provided in this section: 

 Address pollutants of concern,  

 Provide a reliable and consistent infiltration rate that is compatible with the facility 
design and treatment goals,  

 Support robust plant growth and a healthy soil structure,  

 Reduce irrigation needs, and  

 Minimize the potential for nutrient washout.  

2. A landscape architect shall be involved in the design of the biofiltration media.  

3. The media shall support healthy plant growth, including plants with moderately deep (1-2 
feet) and active root systems to preserve the infiltration pathways through the soil.  See the 
Facility Vegetation section below for further information on plant selection. The media must 
be designed with consideration of the plants that are selected and the periods of inundation 
that are expected. 

4. The media design infiltration rate shall include a contingency to account for eventual 
clogging of the media bed. For example, if the outlet-controlled design infiltration rate is 5 
in/hr, media should be designed with an infiltration rate of 10 to 20 in/hr with the intent of 
allowing some clogging to occur without significantly reducing the hydraulic capacity of the 
facility.  

5. Design media filtration rate shall be confirmed with laboratory testing. Laboratory testing 
shall be conducted per ASTM D2434, Standard Test Method for Permeability of Granular 
Soils (or approved equivalent) using a homogenous, representative specimen, with a 
minimum test diameter of 6 inches. Laboratory samples shall be compacted to 85 percent 
modified proctor (ASTM D1557) for testing. If media placement methods will result in 
compaction significantly different than 85 percent modified proctor, then the tests should be 
conducted at a rate that that represents anticipated field compaction. See “Construction” 
below for guidance on media acceptance.  

6. In cases where receiving waters are impaired for nutrients, media designers and installers 
shall design the media mix to minimize nutrient washout from the media and mulch. The 
following best practices are required in this situation: 

 Reduce the content of compost or other organic material in the media mix to the 
minimum amount necessary to support vigorous plant growth and healthy biological 
processes based on the recommendations of the landscape architect.  

 If phosphorus impairments are present, include a 4 – 6 in. layer of sand with low 
phosphorous content below the media to capture phosphorus leaching from the 
media itself. 
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 Nutrients are better retained in soils with higher cation exchange capacity 
(CEC).  CEC can be increased through selection of organic material with naturally 
high CEC, such as peat, and/or selection of inorganic material with high CEC such as 
some sands or engineered minerals (e.g., low P-index sands, zeolites, and rhyolites).  
Media with a CEC greater than 10 is suggested to aid removal of nutrients.    

7. Use of a proprietary engineered media mix from a vendor such as Ecomedia 
(http://www.cascadeenvirotech.com/page/home) is allowed.  

8. The biofiltration media mix shall be made up of  fine sand and compost, or an alternative 
mix design that is demonstrated to meet the performance goals.  

9. Performance goals (balancing plant survival, water retention, and media filtration rate) can 
generally be achieved using a mix with 60 to 80 percent fine sand (by volume) and 20 to 40 
percent well-aged, certified compost (by volume). Actual mix proportions should be 
developed based on the properties of the components (i.e., compost can have variable 
organic content from different sources) and should be confirmed with testing of the blended 
media mix. 

10. Sand should be washed to remove fines and should be free of wood, waste, coating, and 
other impurities. All particles passing the No. 200 sieve should be non-plastic and should 
make up less than 5% of the mix. Where infiltration rates of the blended mix are not high 
enough to meet design goals, coarser sand products  and/or sand products with less fines 
may be needed. The following sand gradation is recommended as a starting point for mix 
design; alternative gradations are allowable if the overall mix meets performance 
specifications: 

Sieve Size 
Percent Passing  

(by weight) 

Min         Max 

3/8 inch   100 100 
No. 4   90 100 
No. 8   70 100 

No. 16   40 95 
No. 30   15 70 

No. 40   5 55 
No. 100   0 15 
No. 200   0 5 

 

Note that sands meeting the ASTM C33 specification for fine concrete sand generally meet 
this specification, provided that fines are non-plastic.  

11. Compost should be a well decomposed, stable, weed free organic matter source derived 
from waste materials including yard debris, wood wastes, or other organic materials not 
including manure or biosolids meeting standards developed by the US Composting Council 
(USCC). The product shall be certified through the USCC Seal of Testing Assurance (STA) 

http://www.cascadeenvirotech.com/page/home
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Program (a compost testing and information disclosure program). Compost quality should 
be verified via a lab analysis to be:  

 Feedstock materials shall be specified and include one or more of the following: 
landscape/yard trimmings, grass clippings, food scraps, and agricultural crop 
residues. 

 Organic Matter Content: 35-75% by dry weight  

 Carbon and Nitrogen Ratio: C:N < 25:1 and C:N >15:1 

 Maturity/Stability: shall have a dark brown color and a soil-like odor. Compost 
exhibiting a sour or putrid smell, containing recognizable grass or leaves, or is hot 
(120 F) upon delivery or rewetting is not acceptable.  

 Toxicity: any one of the following measures is sufficient to indicate non-toxicity. 

i. NH4:NO3 < 3 

ii. Ammonium < 500 ppm, dry weight basis 

iii. Seed Germination > 80 % of control 

iv. Plant Trials > 80% of control 

v. Solvita® > 5 Index value  

 Nutrient Content: 

i. Total Nitrogen content 0.9% or above preferred.  

ii. Boron: Total shall be <80 ppm; Soluble shall be <2.5 ppm 

 Salinity: Must be reported; < 6.0 mmhos/cm  

 pH shall be between 6.5 and 8. May vary with plant species. 

12. Compost for bioretention soils shall be analyzed by an accredited lab using #200, 1/4 inch, 
1/2 inch, and 1 inch sieves (ASTM D 422 or as approved by municipality), and meet the 
following gradation; alternative gradations may be acceptable if the overall mix design 
meets the performance goals for the design: Screening of compost to reduce fines content 
(passing #200 sieve) may be needed if the tested blended media filtration rate is too low.  
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Sieve Size 
Percent Passing  

(by weight) 

           Min         Max 

1 inch    99 100 
½ inch   90 100 

¼ inch   40 90 
No. 200 2 10 

 

Tests should be sufficiently recent to represent the actual material that is anticipated to be 
delivered to the site. If processes or sources used by the supplier have changed significantly 
since the most recent testing, new tests should be requested. 

13. Mulch is recommended (~2 inches) above media surface to retain moisture, prevent 
erosion, and prevent weed growth.  Shredded mulch (double or triple shredded) is preferred 
because it knits together and forms a mat that is less likely to float.  

14. Media soil structure can be more important than nutrient content in plant survival and 
biologic health of the system. Soil structure is enhanced by the use of amendments with 
high hummus content (i.e., mature soil amendments) as well as a good distribution of 
particle sizes (i.e., a more heterogeneous mix).  

Underdrain and Sump Design 

1. Filter fabric should not be used in the interface between the biofiltration media and the 

underdrain. Experience has shown that filter fabric is a common point of failure in systems, 

either by clogging, or by allowing media to migrate into the underdrain system. A ‘bridging’ 

or ‘choking’ layer is preferred to separate the gravel underdrain bedding and the filter 

media. This approach consists of progressively graded layers that progress from finer to 

coarser materials moving from top to bottom. The choking layers must be designed based 

on the actual grain size distribution of the biofiltration media to ensure that permeability is 

maintained but the material is adequately “choked” to prevent migration.  

2. A geotechnical filter/underdrain structure generally consists of the following elements and 

dimensions which must be confirmed via project-specific choking calculations per the 

specifications in (3): 

 Coarse filter sand directly below the media (minimum 2 inches) 

 Pea gravel, such as 1/4 or 1/2 inch chip rock, below the filter sand (minimum 2 

inches) 

 Drain rock below pea gravel, such as 1/2 to 1-1/2” stone with slotted perforated 

underdrain embedded in the drain rock. For deep sumps, coarser stone may be used 

below the drain rock layer for storage of water. 
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 Alternatively, the drain rock can be eliminated and the pea gravel can be used for 

the full depth of the underdrain system. This requires that a slotted PVC “well 

screen” be used instead of perforated pipe.  

3. Appropriate choking between consecutive layers (i.e., sand into pea gravel; pea gravel into 
drain rock, etc.) shall be demonstrated based on the following criteria:  

 Bridging Factor: D15 of the choking layer shall be less than or equal to 8 × D85 of 
the overlying material. Where D15 is defined as the particle diameter below which 
15% of the gravel particles (by weight) are smaller and so on. 

 Permeability Factor: D15 of the choking layer shall be greater than or equal to 5 × 
D15 of the overlying material.  

 Uniformity Factors: D90 (choking)/ D15 (choking) less than or equal to 3.0; no 
particles greater than 12 mm; maximum 10% of particles less than 2 mm; maximum 
5% of particles less than 1 mm.  

4. Alternatively, the NRCS Geotechnical Filter design criteria may be used. 

National Engineering Handbook, Part 633 United States Department of Agriculture, 
Natural Resources Conservation Service, Chapter 26 Gradation Design of Sand and 
Gravel Filters , http://www.ntis.gov/search/product.aspx?ABBR=PB95215778 

5. Aggregate shall be used to provide a gravel blanket and bedding for the underdrain pipe.  

 Place the underdrain on a bed of washed aggregate at a minimum thickness of 6 
inches and cover with the same aggregate to provide a 1-foot minimum depth 
around the top and sides of the slotted pipe.   

 The aggregate specifications are provided: 

Sieve size  Percent Passing 

¾ inch  100 

¼ inch  30-60 

US No. 8  20-50 

US No. 50  3-12 

US No. 200  0-1 

 

 For biofiltration facilities (without sump), underdrains may be placed in trenches that 
provides at least 6 inches of clearance on both sides of the underdrain.  

 For bioinfiltration facilities (with sump), the aggregate sump should extend across 
the entire bottom footprint of the facility to promote greater infiltration. 

6. Underdrains must be provided for both facility types and meet the following criteria: 

http://www.ntis.gov/search/product.aspx?ABBR=PB95215778
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 Underdrain shall have a 6 inch minimum diameter; larger sizes may be warranted for 
facilities with higher design flow rates. 

 Underdrains must be made of slotted, polyvinyl chloride (PVC) pipe (PVC SDR 35 or 
approved equivalent).  

 Slotted pipe shall have 2 to 4 rows of slots cut perpendicular to the axis of the pipe 
or at right angles to the pitch of corrugations. Slot sizes shall be specified to provide 
adequate capacity for drainage while preventing clogging of slots with underdrain 
aggregate.  

 Perforated underdrains shall be sloped at a minimum of 0.5%. A main collection 
manifold (larger, solid pipe) can be used collect drainage from perforated underdrain 
laterals; the slope of the manifold pipe may be designed to be less than 0.5% if it is 
engineered with acceptable capacity and resuspension velocities.  

7. For biofiltration facilities (without sump), the underdrain shall be elevated from the bottom 
of the native soil within the gravel blanket, by at least 6 inches, to create a fluctuating 
anaerobic/aerobic zone below the drain pipe and help reduce the potential for underlying 
soils to wash through the drain line. The intent of this zone is to facilitate denitrification 
within the anaerobic/anoxic zone via microbes using forms of nitrogen (NO2 and NO3) 
instead of oxygen for respiration.   

8. For bioinfiltration facilities (with sump) the bottom of bioinfiltration gravel sump should be in 
native soil if possible. The native soil should be over-excavated to at least one foot in depth 
and the soil replaced uniformly without compaction. Alternatively, it may be possible to 
achieve decompaction of native soil via tilling. Systems that are constructed in fill may still 
be feasible; however, it may be necessary to amend the fill material to promote infiltration 
and/or provide areas of deeper gravel trenches intended to allow biofiltered water to pass 
below the lower permeability fill layers. If there are clay lenses or other restrictive soil 
interlayers, amending and mixing the native soil with coarse sand is recommended. 

9. In bioinfiltration facilities (with sump) the invert elevation of the underdrain pipe shall be 6 
inches from the bottom of the gravel sump; as discussed in “Biofilter Internal Flow 
Distribution, Media Bed Hydraulics, and Outlet Control”, the actual controlling depth of the 
sump can be controlled via an upturned elbow or other hydraulic control at the outlet 
structure. 

10. In some cases, it may be advantageous to connect the facility to a drywell to enhance 
infiltration capacity. This type of system may require a permit for a Class V injection well per 
40 CFR146.5(e)(4). However, biofiltration generally provides a high level of treatment for 
stormwater prior to injection. Where a dry well is used, an isolation valve is strongly 
encouraged to help minimize the potential for groundwater contamination in the event of a 
contaminant spill that migrates through the biofiltration media bed. 

11. Rigid non-perforated observation pipes with a diameter equal to the underdrain diameter 
shall be connected to the underdrain every 250 to 300 feet to provide a clean-out port as 
well as an observation well to monitor dewatering rates.  
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 The wells/cleanouts shall be connected to the underdrain with the appropriate 
manufactured connections.   

 The wells/cleanouts shall extend 6 inches above the top elevation of the bioretention 
facility mulch, and shall be capped with a lockable screw cap.  Cleanouts may be 
integrated with vents (discussed above), in which case the vent should extend above 
the facility high water line. 

 The ends of underdrain pipes not terminating in an observation well/cleanout shall 
be capped. 

Overflow 

There must be an overflow route for stormwater flows that overtop the facility in the course of 
normal operations or in case of emergency conditions. 

1. Off-line facilities are recommended; in which case the overflow should be sized for the 
maximum possible flow that would be routed to the facility from the diversion structure 
during the capital storm event. The freeboard from the maximum water surface to the 
lowest point on the top of the basin embankment shall be at least 1 foot under the 
maximum flow condition for off-line facilities. Normal overflows, such as when the system is 
at its capacity and water continues to be diverted, may overflow through the same outlet as 
the emergency overflow, or two separate outlets for normal flow and emergency overflow 
may be used. 

2. For online facilities, the overflow pathway must be able to safely convey flows from the 
capital storm to the downstream conveyance system or other acceptable discharge point 
with a freeboard of at least 2 feet from the maximum water surface to the lowest point on 
the of the basin embankment Sizing is based on the LACDPW Hydraulics and 
Hydrology/Sedimentation manuals. On-line facilities are not recommended because of the 
potential for scour and heavy sediment loads under peak events.  

Embankments 

1. Embankments are earthen slopes or berms used to detain or redirect the flow of water.  
These may be installed within the facility, between the forebay and the main cell, for 
instance, or they may be installed as part of the facility exterior.  

2. The minimum top width of all external berm embankments shall be 20 feet, or as approved 
by the Geotechnical and Materials Division.  Internal embankments may have a narrower 
top width, still allowing for safe foot passage and small maintenance vehicles, as needed. 

3. Facility berm embankments must be constructed on native consolidated soil (or adequately 
compacted and stable fill soils analyzed by a licensed geotechnical engineer) free of loose 
surface soil materials, roots, and other organic debris.  

4. Earthworks shall be in accordance with County Standards.  

5. Facility berm embankments greater than 4 feet in height must be constructed by excavating 
a key as recommended by the geotechnical engineer.  



Stormwater BMP Design and Maintenance Manual  Regional Infiltration/Biofiltration Facilities 

 

  6/11/2013 

6. The berm embankment shall be constructed of compacted soil (95% minimum dry density, 
modified proctor method per ASTM D1557), placed in 6-inch lifts.  

7. Low growing native or non-invasive perennial grasses shall be planted on downstream 
embankment slopes.  See the Vegetation Management on Embankment Dams of Public 
Works' Debris Control Facilities, Attachment B, for a recommended plant list. 

8. For internal berms that are designed to be permeable, it is acceptable to use loosely piled 
stone, or gabion baskets; gabion baskets have the advantage of being able to be lifted in 
segments for maintenance. 

Facility Vegetation 

1. Vigorous vegetation establishment and persistence is critical to support treatment processes 
and help mitigate the effects of media compaction and clogging which will occur under long 
term operation. Facilities with a vigorous plant community would be expected to provide 
higher level of pollutant removal and a longer lifespan between maintenance than facilities 
without a vigorous plant community.  

2. For facility vegetation and surrounding landscaping, plant palettes shall be designed with 
native or nonnative/noninvasive plants , where possible. A landscape architect shall be 
consulted for plant selection.  

3. Use of fertilizer shall be minimized to the maximum extent possible.  Pesticides shall never 
be used. 

4. Younger plants are generally more tolerant of lower nutrient levels and tend to help develop 
soil structure as they grow; where it is feasible to install younger, this may allow for 
biofiltration media to be designed with less organic matter, and a lower resulting risk of 
nutrient export. 

5. Prior to installation, a licensed landscape architect shall certify that all plants, unless 
otherwise specifically permitted, conform to the standards of the current edition of American 
Standard for Nursery Stock as approved by the American Standards Institute, Inc.  

6. Plant materials shall be tolerant of summer drought, ponding fluctuations, and saturated soil 
conditions for 48 to 96 hours. 

7. Construction plans shall include a landscape planting plan showing plant types, spacing, and 
planting methods.  

Vector Control 

1. The facility shall be designed per the guidance provided in Best Management Practices for 
Mosquito Control in California, California Department of Public Health and the Mosquito and 
Vector Control Association of California (August 2010), or equivalent guidance. 

Maintenance Access 

2. The facility and outlet structures must all be safely accessible during wet and dry weather 
conditions. 
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3. A maintenance access road(s) shall be provided to the drainage structures associated with 
the facility (e.g., inlet, emergency overflow or bypass structures).  Any manholes and/or 
catch basin lids must be in or at the edge of the access road. 

4. An access ramp to the facility bottom is required to facilitate the entry of sediment removal 
and vegetation maintenance equipment without compaction of the facility bottom and side 
slopes. Access roads shall meet the following design criteria: 

 All access ramps and roads shall be paved with a minimum of 3 inches asphalt over 
4 inches of crushed aggregate base material. This requirement may be modified 
depending on the soil conditions and intended use of the road at the discretion of 
the Department. 

 Maximum grade shall be 12% unless otherwise approved by the Department. 

 Centerline turning radius shall be 40 feet, minimum. 

 Access roads less than 500 ft long shall have 12 feet wide pavement within a 
minimum 15 feet wide bench.  Access roads greater than 500 feet long shall have 16 
feet wide pavement within a minimum 20 feet wide bench. 

 All access roads shall terminate with turnaround areas of 40 feet by 40 feet.  A 
hammer type turn around area or a circle drive around the top of the facility is also 
acceptable. 

 Adequate double-drive gates and commercial driveways are required at street 
crossings.  Gates should be located a minimum of 25 feet from the street curb 
except in residential areas where the gates may be located along the property line 
provided there is adequate site distance to see oncoming vehicles at the posted 
speed limit. 

Right of Way 

1. Bioinfiltration/biofiltration facilities to be maintained by the County shall be in a lot or 
easement dedicated to Los Angeles County with appropriate access.  

Construction 

The following criteria shall govern acceptance of media from suppliers, placement of media by 
the contractor, and other specialized aspects of facility construction. These criteria are not 
intended to be comprehensive or replace the need for complete construction specifications 
consistent with standard engineering practices and applicable standards.  

Media Testing and Acceptance 

1. The project media specifications shall be developed per the “Biofiltration Media 
Specifications” section above, and shall be documented in project plans and specifications, 
including the testing protocols associated with these specifications.  
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2. Media samples and laboratory test results shall be provided to the Engineer, in advance of 
delivery of media, demonstrating that the media mix meets the project media specifications.  
At least 10 Working Days in advance of construction, the Contractor must submit to the 
Engineer for approval: 

 A 10 pound minimum sample of sand/aggregate products used in the biofiltration 
media mix 

 A 10 pound minimum sample of compost used in the biofiltration media mix. 

 A 100 pound sample of mixed biofiltration media 

 Grain size analysis results of mineral aggregate performed in accordance with ASTM 
D 422, Standard Test Method for Particle Size Analysis of Soils; 

 Quality analysis results for compost performed in accordance with Seal of Testing 
Assurance (STA) standards 

 Organic content test results of mixed Bioretention Soil.  Organic content test shall be 
performed in accordance with by Testing Methods for the Examination of Compost 
and Composting (TMECC) 05.07A, “Loss-On-Ignition Organic Matter Method”. 

 Media permeability testing and modified Proctor compaction testing of biofiltration 
media mix performed in accordance with ASTM D2434 and ASTM D1557, 
respectively. 

 A description of the equipment and methods proposed to mix the mineral aggregate 
and compost to produce the biofiltration media mix; 

 Any other submittals necessary to demonstrate that media specifications are met. 

 Provide the following information about the testing laboratory(ies): 

i. Name of laboratory(ies) including contact person(s), 

ii. Address(es), 

iii. Phone contact(s), 

iv. E-mail address(es); 

v. Qualifications of laboratory and personnel including date of 

current certification by STA, ASTM, AASHTO, or approved equal. 

 

3. Laboratory tests shall be recent (within the last two months). Laboratory tests shall be 
based on the same feed stocks that are used for the delivered mix, as certified in official 
written communication by the supplier. If feed stocks change during the construction 
period, new tests shall be provided to demonstrate that project specifications continue to be 
met. 

4. Media shall not be delivered to the site until submittals are reviewed and approved by the 
applicable construction management official. 
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5. All deliveries of media shall be inspected visually at the time of delivery to evaluate: (1) 
uniformity of media properties within the load, and (2) consistency of media visual 
appearance with previous loads. Media shall be fully mixed via mechanical means prior to 
delivery and show no indications of textural or color variability within each load. Digital 
photograph comparison with previous loads shall confirm that properties are consistent, 
with allowances for change in color associated with moisture content, etc. 

6. At the discretion of the construction management official, samples shall be taken from the 
delivered media mix and sent to the laboratory for testing of media infiltration rate using the 
methods and compaction conditions specified in the project media specifications. No fewer 
than 3 samples, taken throughout the construction phase, shall be tested in this way. 
Should laboratory results be significantly different than design infiltration rates, placement 
of media shall be halted and revision of mix design and further laboratory testing may be 
required.  

Media Placement and Settling 

1. Media shall be placed in a consistent manner across the facility to provide uniform relative 
compaction, bulk density, and infiltration rate of placed media. 

2. Media shall be placed in loose lifts of approximately 8 to 12 inches. Media shall be placed by 
conveyor or be blown-in if possible; alternatively media may be transported and spread with 
low ground pressure equipment, however, repeated trips over the same path should be 
avoided. 

3. Media shall be placed at a consistent moisture content; if significant rainfall (greater than 
0.5 inches) has occurred during the last 48 hours or during the media placement period, 
media placement should be halted to allow drying of media prior to resuming media 
placement.  

4. Following placement, media shall be lightly compacted via hydroconsolidation (see below)6. 
Hydroconsolidation involves flooding of the media bed with a shallow depth of water and 
allowing the water to drain. Effluent from hydroconsolidation activities shall be managed per 
applicable construction stormwater management requirements. Alternative methods of 
compaction/settlement may be acceptable.  

5. If alternative methods of compaction/settlement are used, the placement and level of 
compaction of biofiltration media shall be carefully specified by the design engineer, and 
confirmed via pilot testing, to balance the following considerations: 

 Infiltration rate of the media – media infiltration rate is highly sensitive to the degree 
of compaction provided. Media should not be compacted to a greater degree in the 
field than was used in laboratory testing of media infiltration rates. 

                                           

6 Hydroconsolidation is considered the most practical alternative to achieve uniform settling of media for 

these facilities given their scale; alternative approaches may be more applicable for smaller scale 
facilities.  
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 Survival of plants – excessive compaction tends to inhibit plant growth and should 
be avoided. It is recommended to consult with a landscape architect regarding plant 
survival needs. 

 Potential for settlement – if material is placed too loosely, excessive settlement may 
occur, which can reduce the thickness of the media bed and potentially exposed 
plant roots.   

6. The media bed shall be over-filled as needed such that the finish grade of the media bed, 
following settling, is consistent with design media bed elevations. A typical rule of thumb is 
to expect 10 to 15 percent settling of the depth of the media layer. Settlement may vary as 
a function of media composition and placement methods.  

7. Plants should be installed with consideration of potential settling of the media; if significant 
settling is expected, it may be appropriate to settle/compact the media bed before planting 
such that plant roots are not exposed as media settles.  

8. Testing of the bulk density and/or relative compaction of placed and settled media shall be 
conducted at a regular spacing, determined based on the scale of the facility. No fewer than 
3 tests shall be conducted per facility. Tests shall confirm that the bulk density/relative 
compaction of placed and settled media is no greater than the bulk density/relative 
compaction used in laboratory permeability tests for media acceptance. If placed media has 
a higher bulk density than used in testing, additional laboratory tests should be conducted 
to evaluate whether adequate permeability is expected at the higher bulk density as placed. 
It is strongly recommended that small-scale pilot testing of media placement and settling 
methods be conducted to avoid the need to re-place media in the full-scale facility.  

9. The contractor shall maintain photographic documentation of each phase of placement of 
underdrains, drain rock, and media.  

Other Construction Specifications 

1. Irrigation shall be provided where necessary to provide for robust plant establishment and 
growth.  

2. Bioinfiltration/biofiltration facilities shall not be hydraulically connected to the storm drain 
system until all contributing drainage areas are stabilized (e.g., with stable vegetative cover 
or pavement) or are controlled with robust erosion and sediment controls to the satisfaction 
of the Engineer.  For phased projects, where interim conditions include sediment producing 
open space and/or graded pads that will be under construction after the facility is brought 
online, a high level of sediment control must be provided. 

3. To preserve and avoid the loss of infiltration capacity, the following construction guidelines 
must be specified: 

 Provisions must be included to address sedimentation, per above. 

 Compaction of the subgrade with heavy equipment should be minimized to the 
maximum extent possible. If the use of heavy equipment on the base of the facility 
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cannot be avoided, the infiltrative capacity should be restored by tilling or aerating 
prior to placing the infiltrative bed. 

 The exposed soils must be inspected by a geotechnical engineer after excavation to 
confirm that soil conditions are suitable. 

4. The use of treated wood or galvanized metal anywhere inside the facility is prohibited. 



x-x



x-x

CONTROL STRUCTURE CONCEPT WITH ORIFICE OUTLET

CONTROL STRUCTURE CONCEPT WITH STOP LOG WEIR OUTLET

EXAMPLE BIOFILTRATION MEDIA AND UNDERDRAIN PROFILE
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Infiltration/Biofiltration Facility Operations and Maintenance 

General Requirements 

Bioinfiltration/biofiltration facility maintenance should include frequent inspections to ensure 
that water infiltrates into the biofiltration bed completely in the duration specified in the design 
of the facility and that significant scour of the media bed is not occurring. Both of these issues 
should be corrected as soon as possible if they are present to prevent other issues, such as 
damage to vegetation or structures is avoided. 

Maintenance and regular inspections are of primary importance if bioinfiltration/biofiltration 
basins are to continue to function as originally designed.  A maintenance plan shall be 
developed specific to each facility outlining the schedule and scope of maintenance operations, 
as well as the documentation and reporting requirements. The following are general 
maintenance requirements: 

1. Regular inspection should determine if the sediment pretreatment structures require routine 
maintenance. 

2. If water is noticed in the facility for a duration greater than specified in the design, the 
bioinfiltration bed, underdrains and/or outlet structure may be clogged. Maintenance 
activities triggered by a potentially clogged facility include:  

 Inspect outlet structure. If this is the source of clogging, then remove obstruction.  

 Inspect underdrains via inspection/cleanout ports. If underdrains are clogged, then 
employ standard drain pipe cleaning methods to clear the underdrains to restore 
capacity. 

 Check biofiltration bed for debris/sediment accumulation, rake surface and remove 
sediment (if any) and evaluate potential sources of sediment and vegetative or other 
debris (e.g., embankment erosion, channel scour, overhanging trees) within the 
facility.   

 Removal of the top layer of mulch and/or filter media may be required to restore the 
capacity of the filter bed. 

 Any debris or algae growth located on top of the facility should be removed and 
disposed of properly. 

3. Facilities should be inspected annually.  Trash and debris should be removed as needed, but 
at least annually prior to the beginning of the wet season. 

4. Replace mulch as needed based on rates of sediment and pollutant loading. Mulch 
replacement every 1 to 3 years should be anticipated in most cases.  

5. Replace biofiltration media periodically if (1) clogging significant reduces hydraulic capacity, 
which cannot be restored by raking or removal of the surface layer, (2) media is no longer 
fertile enough to support a robust vegetative community, (3) feedback suggests that 
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treatment processes have been exhausted, or (4) calculations or testing suggest that media 
may be approaching criteria limits for toxicity.   

6. Site vegetation should be maintained as frequently as necessary to maintain a healthy and 
robust vegetative community in the biofiltration media bed and maintain the aesthetic 
appearance of the site, and as follows: 

 Plants should be selected to be drought tolerant and not require watering after 
establishment (2 to 3 years). Watering may be required during prolonged dry 
periods after plants are established. Overall, the importance of maintaining a robust 
plant community should outweigh the negative impacts of water usage. Irrigation 
shall not result in dry weather discharge from the facility underdrains.  

 Vegetation, large shrubs, or trees that limit access to key structures or interfere with 
facility operation should be pruned or removed. These types of vegetation are 
acceptable and should be promoted where they do not interfere with access or 
operation. 

 Slope areas that have become bare should be revegetated and eroded areas should 
be regraded prior to being revegetated. 

 Vegetation height should be maintained and grass and other clippings should be 
removed.   

 Fallen leaves and debris from deciduous plant foliage should be raked and removed 
periodically.  

 Invasive vegetation, such as Alligatorweed (Alternanthera philoxeroides), Halogeton 
(Halogeton glomeratus), Spotted Knapweed (Centaurea maculosa), Giant Reed 
(Arundo donax), Castor Bean (Ricinus communis), Perennial Pepperweed (Lepidium 
latifolium), and Yellow Starthistle (Centaurea solstitalis) must be removed and 
replaced with non-invasive species. Invasive species should never contribute more 
than 25% of the vegetated area.  For more information on invasive weeds, including 
biology and control of listed weeds, look at the “encycloweedia” located at the 
California Department of Food and Agriculture website at 
http://www.cdfa.ca.gov/wma or the California Invasive Plant Council website at 
http://portal.cal-ipc.org/weedlist. 

 Dead vegetation should be removed if it exceeds 10% of area coverage.  Vegetation 
should be replaced immediately to maintain cover density and control erosion where 
soils are exposed.  

7. Sediment buildup exceeding 50% of the forebay or other pretreatment facility sediment 
storage capacity shall be removed.  Sediments should be tested for toxic substance 
accumulation in compliance with current disposal requirements if visual or olfactory 
indications of pollution are noticed.   

 If toxic substances are encountered at concentrations exceeding thresholds of Title 
22, Section 66261 of the California Code of Regulations, the sediment must be 

http://www.cdfa.ca.gov/wma
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disposed of in a hazardous waste landfill and the source of the contaminated 
sediments should be investigated and mitigated to the extent possible.  

 Following sediment removal activities, replanting and/or reseeding of vegetation may 
be required for reestablishment.  

8. Inspect flow entrances, ponding area, and surface overflow areas periodically, and replace 
soil, plant material, and/or mulch layer in areas if erosion has occurred. Properly designed 
facilities with appropriate flow velocities should not have erosion problems except perhaps 
in extreme events.   
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Summary of Specific Maintenance Activities and Standards 

A summary of the routine and major maintenance activities recommended for infiltration 
facilities is shown in Table 10-1. Detailed routine and major maintenance standards are listed in 
Tables 10-2 and 10-3.  It is recommended that photographs are taken before and after all 
maintenance. 

Table 10-1: Infiltration Facility Routine and Major Maintenance Quick Guide 

Inspection and Maintenance Activities Summary  

R
o

u
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n
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a
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a

n
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e

 

 

 Periodically observe function under wet weather conditions. 

 Remove trash and debris as required. 

 Remove any visual evidence of contamination from floatables such as oil and 
grease. 

 Remove minor sediment accumulation, debris and obstructions near inlet and outlet 
structures as needed. 

 Inspect underdrain (if present) and outlet piping to ensure that obstructions are not 
present and sediment is not accumulating in drainage system. 

 Repair small eroded/scoured areas (especially near inlet) and ruts. Overseed or 
replant bare areas to reestablish vegetation. 

 Clean and reset flow spreaders as needed to maintain even distribution of low 
flows. 

 Maintain vegetation routinely to suppress weeds.  

 Periodically take cores of the media bed to evaluate the degree to which sediment 
migrates into the media bed and the degree to which media migrates into the 
geotechnical filter and underdrain system. 
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 Replace mulch every 1 to 2 years based on observed degree of sediment 
accumulation and to maintain uniform cover. 

 Clean underdrains piping to remove accumulated sediment, as needed. 

 Replace media or portion of media if ponding or loss of infiltrative capacity persists. 
Reestablish facility vegetation. 

 Replace underdrain rock if excessive migration of media is observed that influences 
infiltration capacity of system or results in washout of media from the system. 
Reevaluate underdrain design if excessive media migration is observed. 

 Regrade and revegetate to repair damage from severe erosion/scour 
channelization. 

 Repair structural damage to flow control structures including inlet, outlet and 
overflow structures. 

 Reset settled piping, add fill material to maintain original pipe flow line elevations. 

 Repair berm breaches and stabilize eroded parts of the berm, if applicable. 
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Table 10-2: Routine Maintenance – Bioinfiltration/Biofiltration Facilities 

Defect 
Conditions When 

Maintenance Is Needed 

Results Expected When 

Maintenance Is 
Performed 

Frequency 

Trash & Debris 

Any trash and debris which 

exceed 5 cubic feet per 
1,000 square feet (one 

standard garbage can).  In 

general, there should be no 
visual evidence of 

dumping.  If less than 
threshold, all trash and 

debris will be removed as 
part of next scheduled 

maintenance. 

Trash and debris cleared 
from site. 

Annually prior to 

wet season. 

After major storm 

events (>0.75 
in/24 hrs) if spot 

checks indicate 
widespread 

damage/ 

maintenance 
needs. 

Litter removal is 
dependent on site 

conditions and 

desired aesthetics 
and should be 

done at a 
frequency to meet 

those objectives. 

 

Minor Erosion 
and/or 

Concentrated 

Flow 

Visible evidence of erosion 
occurring near inlet 

structures.  Splash pads or 

spreader incorrectly placed; 
eroded or scoured areas 

due to flow channelization, 
or higher flows. 

Small eroded areas 
repaired/reseeded. No 

erosion or scouring evident. 

Level the spreader and clean 
so that flows are spread 

evenly over the sand filter 
bed. 

Visual 

Contaminants 
and Pollution 

Any evidence of oil, 

gasoline, contaminants or 
other pollutants. 

No contaminants or 
pollutants present. 

Loss of Surface 
Permeability 

Accumulation of fine 

sediments, dead leaves, 
trash and other debris on 

surface 

Surface permeability 

restored.  Surface layer 
removed and replaced with 

fresh mulch. 

Slow Drain Time 

Standing water long after 
storm has passed (after 48 

hours), or visual inspection 

of wells (if available) 
indicates that design drain 

times are not being 
achieved. 

Water drains in the design 

drain times.  Drainage pipe 
and outlet control is cleared, 

accumulated litter on surface 
is removed, and top 1-2” of 

soil is raked or replaced.   

Inlet/Overflow 

Inlet/outlet areas clogged 

with sediment and/or 

debris. 

Material removed so that 

there is no clogging or 
blockage of the inlet or 

overflow area. 
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Defect 
Conditions When 
Maintenance Is Needed 

Results Expected When 
Maintenance Is 

Performed 

Frequency 

Vegetation 

Weeds, excessive plant 

growth, plants interfering 

with basin operation, plants 
diseased or dying.  

Noxious weeds, woody 
vegetation establishing, 

Turf growing over rock 

filter. 

Basin tidy, plants healthy and 
pruned.  Any plants that 

interfere with function are 
removed.  Vegetation is 

mowed or trimmed, as 
needed, to restore function. 

Weeds are removed to 

prevent noxious and nuisance 
plants from becoming 

established. Invasive or non-
acclimated plants replaced. 

Monthly (or as 

dictated by 
agreement 

between County 
and landscape 

contractor 

 

Table 10-3: Major Maintenance – Bioinfiltration/Biofiltration Facilities 

Defect 
Conditions When 
Maintenance Is Needed 

Results Expected When 
Maintenance Is Performed 

Frequency 

Standing Water 

Standing water long after 

storm has passed (after 48 
hours), or visual inspection 

of wells (if available) 

indicates that design drain 
times are not being 

achieved; routine 
maintenance does not 

remedy problem.  

Design infiltration rate 
restored, either through 

excavation and filter media 

replacement or surface 
sediment removal. If 

applicable, underdrain 
cleaned, reset or replaced.  

As needed 

Major Erosion/ 

Scouring 

Bare spots greater than 4 

sq-feet; greater than 6 
inches scour depth 

No erosion on surface of 
basin.  Large bare areas are 

regraded and 
reseeded/replanted. 

As needed 

Damage to 

structures 

Inlet, outlet, or overflow 

structures have been 
damaged 

Structures are replaced or 

repaired; original design 
functions are maintained 

As needed 

Breach of berms Berms have been breached. 
Berms are reconstructed and 
revegetated 

As needed 
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APPENDIX A 

 

ENTRADA SOUTH 

 

MITIGATED FLOW TABLES 



BASIN AREA�(AC)
PROPORTION�
IMPERVIOUS

SOIL�TYPE
RAINFALL�
AMOUNT�

(in)

FLOW�
PATH�

LENGTH�
(ft)

FLOWPATH�
SLOPE

INTENSITY

24�HOUR�
RUNOFF�

VOLUME�(cu.�
ft.)

FLOWRATE�
(CFS)

A� 720.3 0.456 98 N/A N/A N/A N/A N/A 66.30
B�&�Q 71.10 0.52 98 1.1 4,300.00 0.07 0.17 146,147.87 7.39
C 5.10 0.01 98 1.1 1,000.00 0.02 0.14 2,219.93 0.11
D 12.20 0.61 98 1.1 1,700.00 0.04 0.22 28,450.61 1.44
E 29.20 0.91 98 1.1 2,000.00 0.03 0.23 95,956.43 4.85
F 7.10 0.80 98 1.1 840.00 0.02 0.28 20,811.23 1.05
G 0.63 0.89 98 1.1 780.00 0.05 0.32 2,026.42 0.10
H 1.10 0.78 98 1.1 710.00 0.05 0.31 3,145.62 0.16
I 2.31 0.79 98 1.1 1,410.00 0.01 0.23 6,682.93 0.34
J 2.68 0.91 98 1.1 1,330.00 0.01 0.24 8,816.19 0.44
K 2.37 0.69 98 1.1 1,420.00 0.04 0.24 6,105.62 0.31
L� 3.71 0.67 98 1.1 1,380.00 0.04 0.24 9,400.55 0.47
M 4.01 0.39 98 1.1 1,240.00 0.01 0.20 6,498.61 0.33
N 1.11 0.57 98 1.1 360.00 0.03 0.34 2,469.99 0.12
O 3.33 0.69 98 1.1 900.00 0.12 0.25 8,575.49 0.43
P 16.20 0.80 98 1.1 760.00 0.02 0.29 47,543.26 2.40
R 2.10 0.80 98 1.1 1,980.00 0.02 0.22 6,158.46 0.31
S 1.30 0.75 98 1.1 840.00 0.04 0.29 3,610.18 0.18
T 1.20 0.84 98 1.1 720.00 0.06 0.33 3,671.61 0.18
U 2.32 0.50 98 1.1 1,170.00 0.04 0.24 4,595.57 0.23
V 1.22 0.49 98 1.1 720.00 0.05 0.28 2,371.59 0.12
W 10.40 0.80 98 1.1 850.00 0.02 0.28 30,484.05 1.54
X 10.20 0.80 98 1.1 760.00 0.02 0.29 29,934.65 1.51
Y 2.95 0.88 98 1.1 700.00 0.02 0.30 9,352.19 0.47
Z
AA 0.93 0.90 98 1.1 400.00 0.04 0.38 3,021.13 0.15
BB 1.36 0.91 98 1.1 1,170.00 0.04 0.28 4,468.67 0.23
CC 3.08 0.89 98 1.1 1,140.00 0.04 0.28 9,881.48 0.50
DD 0.61 0.89 98 1.1 380.00 0.01 0.36 1,963.94 0.10
EE 0.71 0.64 98 1.1 380.00 0.01 0.33 1,725.09 0.09

LID�RUNOFF�CALCULATIONS

NOT�USED









































































































 

 
 
 

Technical Memorandum 

Date: December 12, 2013 

To: Craig Whitteker, PE – Alliance Land Planning & Engineering, Inc. 

From: Jose Cruz, PE 

Re: Entrada South Drainage Channel Hydraulic Analysis and Bank Stabilization # A373 
 
 

1.0 Introduction and Purpose 
 
The purpose of this technical memorandum is to provide a summary of the hydraulic analyses performed 
for the drainage corridor associated with the Entrada South (TTM 53295) development project.  Currently, 
flows enter the drainage corridor from the neighboring Westridge golf course development via overland 
flow and from an existing 48-inch storm drain pipe.  The drainage corridor navigates in a northerly 
direction approximately 3,000 linear feet where it enters an existing culvert at Magic Mountain parkway, 
ultimately discharging to the Santa Clara River.   
 
As part of the Entrada South development plan, the drainage corridor will be bisected by the proposed ‘A’ 
Street alignment.  The channel reach downstream of ‘A’ street will be completely developed and a storm 
drain culvert will be installed to convey flows to the existing culvert downstream.  A sediment basin will be 
located within the channel in the reach immediately upstream of the ‘A’ street crossing to capture 
sediment from the existing slopes above the limits of the proposed bank stabilization.  The upstream 
reach will remain as natural open space, with some minor grading to stabilize the stream banks and 
channel bed.  The magnitude of the stabilization for this reach is based on a hydraulic analysis using 
Hydrologic Engineering Center River Analysis System (HEC-RAS) modeling software developed by the 
US Army Corps of Engineers (USACE). 
 
 
2.0 Design Hydrology 
 
Based on the hydrology study performed by Alliance Land Planning & Engineering (Alliance), the 
discharge rate in the drainage corridor is estimated to be approximately 746-cfs at the upstream end of 
the reach, and 763-cfs at the ‘A’ Street crossing for the 50-year burned (Q50b) storm event (See Table 1).  
A discharge rate of 763-cfs was used for the entire length of the channel in the hydraulic analysis.  
Hydraulic calculations for the proposed drainage channel were performed using HEC-RAS modeling 
software. 

Table 1 - Design Hydrology  
 

HEC-RAS 
Cross-Section 

Q50b Flow 
Rate  
(cfs) 

Reach Location Description 

2600 746 Upstream at Westridge SD Outlet 
1176 763 Downstream at ‘A’ Street SD Inlet 

 
 



Craig Whitteker – Alliance Land Planning  December 12, 2013 
Entrada South Drainage Channel  Page 2 of 13 
 
 

 

3.0 Proposed Channel Hydraulic Analysis 
 
Currently, the existing drainage corridor has a relatively steep bed slope of approximately 2%, with 
varying bottom widths, ranging from areas as narrow as 20-ft and as wide as 100-ft.  Analysis of aerial 
photography indicates sinuous drainage patterns and signs of lateral erosion of the bed and channel 
banks.  In order to stabilize the drainage corridor and prevent future lateral and vertical erosion, the 
proposed channel design will include a series of grade control structures that will maintain a stable bed 
slope of 0.5% throughout the length of the proposed channel.  The series of grade control structures will 
be spaced at intervals of approximately 175-ft.  Bank stabilization measures will also be incorporated into 
the proposed design to prevent further lateral erosion of the channel banks.  Side slopes were taken to 
vary between a 2:1 and 8:1 (H:V) ratio for this analysis. 
 
In order to estimate the hydraulic characteristics of the proposed channel design, HEC-RAS models were 
developed using topography for the project reach from 2006.  Elevations for the topography and hydraulic 
models are based on the 1988 North American Vertical Datum (NAVD).  The HEC-RAS models include 
44 cross sections spaced approximately 50 to 75-ft apart, except at the grade control structures, where 
four consecutive cross sections are used to simulate the abrupt change in vertical grade.  Locations for all 
44 cross sections are shown on Figure 1.  Channel geometry was adjusted at each cross section to 
reflect the proposed elevation profile and bank stabilization design slope.  The proposed channel plan 
view layout and profile are shown on Figure 2. 
 
The hydraulic analysis included applying several values for manning’s roughness to determine the range 
of flow depths and velocities based on Los Angeles County Department of Public Works (LACDPW) 
requirements.  For bank stabilization design, hydraulic data based on calculations using manning’s 
roughness values of 0.085 and 0.025 are used to determine the top of bank and toe of bank, respectively.  
Hydraulic calculations using a manning’s value of 0.060 is often used to determine extents of flooding for 
mapping purposes.  See Table 2 for descriptions of models prepared for this analysis. 

 
Table 2 – HEC-RAS Model Descriptions  

 
Manning’s 

Roughness Value Description Use 

n = 0.085 Full vegetation Determine project maximum water surface 
elevations along the river reach 

n = 0.060 Existing vegetation 
Determine existing condition water surface 
elevations and flow velocities along the river 
reach 

n = 0.025 No vegetation Determine project maximum flow velocities 
along the river reach  

Items in bold are values used in HEC-RAS models for the Top and Toe Bank Stabilization design. 
 
 
For the purposes of this analysis, six separate models were developed using the three different 
Manning’s roughness values for two different downstream boundary conditions, as shown on Table 3. 
The first set of models incorporates a known water surface elevation of 1214-ft as the downstream 
boundary condition, based on the approximate water surface elevation anticipated at the proposed 
sediment basin located at the downstream end of the channel.  The second set of models involves a 
normal depth calculation using a bed slope of 0.005 as the downstream boundary condition at the most 
downstream reach of the proposed channel.  Since the downstream portion of the drainage channel will 
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also be used as a sediment basin, models were created to reflect hydraulic conditions with an empty 
sediment basin (normal depth condition) and a full sediment basin (known water surface condition).  
Additionally, a debris cone was also incorporated into the models using manning’s value of 0.085 to 
determine the maximum water surface elevation with sediment present in the basin.  The volume of 
sediment applied to the models was based on calculations performed by Alliance, which found the 
contributing area to result in a sediment height of 10-in evenly distributed over the basin area.  Since 
flows would deposit more sediment at the upstream end of the basin, a debris cone was used in the 
models with an upstream height of 24-in to produce the same volume of sediment.  For purposes of 
determining the required freeboard and toe-down protection, data from the models with the more 
conservative results were used in the calculations. 

 
Table 3 – HEC-RAS Model Boundary Conditions 

 

Manning’s   
Roughness Value 

Downstream Reach 
Boundary Condition 

(STA 1176) 

n = 0.085 Known WSE = 1214-ft 
n = 0.060 Known WSE = 1214-ft 
n = 0.025 Known WSE = 1214-ft 
n = 0.085 Normal Depth Slope = 0.005 
n = 0.060 Normal Depth Slope = 0.005 
n = 0.025 Normal Depth Slope = 0.005 

           Note:  See Appendix for detailed results for all models listed 
 

 
4.0 Hydraulic Analysis Results Summary 
 
Proposed Condition (n=0.060) 

PACE performed a hydraulic analysis using HEC-RAS for the Q50b flow rate and a manning’s roughness 
value of 0.060 to determine the proposed water surface elevations in the channel.  As previously 
discussed, two separate models were prepared with different downstream boundary conditions to 
represent the varying conditions in the sediment basin located at the downstream reach of the channel.  
The water surface profile shown on Figure 2 is based on the hydraulic model results from the n=0.060 
model with the known water surface of 1214-ft as the downstream boundary control because this 
condition resulted in higher water surface elevations.  Based on the results of the model shown on Table 
4, the average depth of flow in the channel is nearly 2.5-ft within the reaches between the drop structures, 
with an average velocity just over 4-ft/s.  The velocity is much greater at the drop structure locations, as 
expected, due to the sudden change in grade and change in flow regime.  However, the bed of the 
channel will be armored with rip-rap immediately upstream and downstream of the drop structures to 
provide energy dissipation and erosion protection.  Detailed model results for both models using n=0.060 
are provided in Appendix A.  
 

Proposed Condition (n=0.085) for Determination of Top of Bank Elevations 

In accordance with LACDPW requirements, a HEC-RAS model was developed for the River using a 
Manning’s value of 0.085 (See Table 2) to determine the maximum water surface elevations resulting 
from the proposed project improvements.  Similar to the n=0.060 model, the higher water surface 
elevations were found in the model with the known water surface of 1214-ft as the downstream boundary 
control.  Under these conditions, average flow depths were approximately 3.0-ft in the channel reaches 
between the drop structures, with an average velocity of roughly 3.5-ft/s.  Detailed results of this model 
are provided on Table 5.  
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The maximum water surface elevations resulting from this model are used to calculate the minimum 
freeboard required for the proposed bank stabilization.  Calculations for minimum required freeboard are 
provided on Table 6, which indicate a maximum calculated freeboard of 0.8-ft.  The calculated values are 
compared to the minimum requirement of 2.5-ft from the Los Angeles County Flood Control District 
(LACFCD) Hydraulic Design Manual, and the larger of the two values is used for design purposes.  Based 
on the comparison of freeboard values, the minimum requirement of 2.5-ft will be used to determine the 
top of bank elevations for the proposed bank stabilization.   
 

Proposed Condition (n=0.025) for Determination of Toe of Bank Elevations 

Similar to the procedure used to determine the proposed top of bank elevations, a HEC-RAS model was 
developed for the River using a Manning’s value of 0.025 (See Table 2) to determine the proposed 
condition maximum flow velocities resulting from the proposed project improvements.  Unlike the two 
previous conditions, the model with the normal depth slope as the downstream boundary condition 
provided the higher flow velocities.  Based on these conditions, average flow depths were approximately 
1.5-ft in the channel reaches located between the drop structures, with average velocities approaching 
6.5-ft/s.  Detailed results of this model are provided in Table 7.  
 
The maximum flow velocities resulting from this model are used to calculate the minimum toe-down 
required for the proposed bank stabilization.  Calculations for minimum required toe-down are provided 
on Table 8, which indicates a calculated toe-down ranging between 2.0 and 6.2-ft.  The calculated values 
are compared to the minimum requirement shown on the “Cutoff Depths” Table on page F-31 of the 
LACFCD Hydraulic Design Manual, and the larger of the two values is used.  Based on the comparison of 
toe-down values, the values obtained from the LACFCD Hydraulic Design Manual will be used to 
determine the toe of bank elevations for the proposed bank stabilization.   
 
For the analysis of the anticipated scour at the grade control structures, a separate calculation was 
performed to determine the minimum required scour protection at each of the six grade control structures.  
Results of these calculations are shown on Table 9, which shows maximum scour depths ranging from 
5.7 to 7.9 feet.  The minimum toe of bank elevations for the bank stabilization were calculated based on 
the required toe-down, as shown on Tables 8 and 9.    
 
However, it is not practical to construct the toe-down to the depths necessary to satisfy the LACDPW 
requirements for the channel reach between Sta. 21+61 and Sta. 24+98 due to the narrow channel 
section.  If constructed to the elevations determined from the calculations, the bank stabilization would 
intersect at a few locations prior to reaching the required depth.  Due to horizontal constraints at this 
location, it was determined that the entire bed of the channel will be armored using rock rip-rap to prevent 
future erosion due to high velocities in this narrow reach.  The depth of the rip-rap armoring was 
determined using the Typical Rock Rip-Rap section for Case B shown on page F-35 of the LACFCD 
Hydraulic Design Manual for rip-rap bank protection.  Therefore, the toe-down protection shown on Figure 
2 (approximately 6.5-ft) is less than the required toe-down protection shown on Tables 8 and 9. 
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HEC-RAS 
Section

Min. Channel 
Elevation (ft)

Water Surface 
Elevation (ft)

Flow 
Depth (ft)

Channel 
Velocity (fps)

Top Width 
(ft)

Froude 
Number

1176 1206.73 1214.00 7.3 1.5 85.5 0.11
1251 1207.11 1214.04 6.9 1.1 119.7 0.07
1328 1207.49 1214.05 6.6 1.1 123.0 0.08
1405 1207.88 1214.06 6.2 1.3 126.6 0.10
1484 1208.27 1214.09 5.8 1.6 97.1 0.13
1494 1208.32 1214.09 5.8 1.7 92.9 0.14
1502 1212.32 1213.69 1.4 6.4 90.3 0.98
1512 1212.37 1214.29 1.9 4.6 91.5 0.61
1564 1212.63 1214.99 2.4 4.0 86.5 0.47
1611 1212.86 1215.40 2.5 4.2 77.8 0.48
1658 1213.10 1215.85 2.8 4.7 66.2 0.54
1668 1213.15 1214.03 0.9 16.2 55.8 3.11
1676 1217.15 1218.61 1.5 6.7 82.2 1.01
1686 1217.20 1219.26 2.1 4.6 86.8 0.59
1735 1217.45 1219.86 2.4 3.0 110.5 0.35
1786 1217.70 1220.11 2.4 3.1 107.5 0.36
1834 1217.94 1220.35 2.4 4.7 75.1 0.56
1844 1217.99 1218.74 0.8 16.1 65.1 3.33
1851 1222.00 1223.35 1.3 6.5 91.2 1.00
1861 1222.04 1223.97 1.9 4.4 95.1 0.58
1902 1222.24 1224.49 2.3 3.3 107.6 0.40
1943 1222.45 1224.76 2.3 3.2 108.8 0.38
1984 1222.65 1225.01 2.4 4.2 85.7 0.52
1994 1222.70 1223.41 0.7 15.8 71.1 3.38
2001 1226.70 1227.93 1.2 6.2 105.0 1.00
2011 1226.75 1228.49 1.7 4.7 101.9 0.65
2051 1226.95 1229.11 2.2 3.2 115.6 0.40
2092 1227.16 1229.39 2.2 3.8 98.0 0.46
2134 1227.37 1228.75 1.4 10.4 58.9 1.64
2143 1227.37 1228.17 0.8 19.4 52.1 3.94
2151 1233.41 1234.93 1.5 6.7 84.2 1.01
2161 1233.46 1235.54 2.1 4.8 85.2 0.63
2217 1233.74 1236.34 2.6 4.2 79.0 0.48
2273 1234.00 1236.84 2.8 4.0 74.9 0.45
2329 1234.30 1237.27 3.0 4.0 72.3 0.43
2383 1234.57 1237.63 3.1 5.9 48.1 0.64
2393 1234.57 1235.64 1.1 19.8 38.2 3.47
2401 1240.63 1242.31 1.7 7.2 66.5 1.01
2411 1240.64 1242.97 2.3 5.3 66.0 0.64
2455 1240.73 1243.65 2.9 6.6 45.4 0.73
2498 1240.81 1244.58 3.8 9.5 28.9 1.00
2532 1240.83 1246.14 5.3 5.2 34.7 0.44
2569 1240.94 1246.47 5.5 4.4 37.2 0.36
2600 1241.29 1246.53 5.2 5.8 33.7 0.51

Table 4 - HEC-RAS Model Results Summary
Manning's n = 0.060 with D/S Boundary Condition: Known WSE = 1214-ft
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HEC-RAS 
Section

Min. Channel 
Elevation* (ft)

Water Surface 
Elevation (ft)

Flow 
Depth (ft)

Channel 
Velocity (fps)

Top Width 
(ft)

Froude 
Number

1176 1206.73 1214.00 7.3 1.5 85.5 0.11
1251 1207.57 1214.06 6.5 1.1 119.8 0.08
1328 1208.44 1214.09 5.6 1.2 123.2 0.10
1405 1209.32 1214.14 4.8 1.6 127.1 0.14
1484 1210.21 1214.26 4.0 2.2 98.0 0.20
1494 1210.32 1214.28 4.0 2.3 94.0 0.22
1502 1212.32 1214.16 1.8 4.7 92.7 0.63
1512 1212.37 1214.53 2.2 4.1 92.8 0.50
1564 1212.63 1215.38 2.8 3.4 88.2 0.37
1611 1212.86 1215.87 3.0 3.5 80.2 0.37
1658 1213.10 1216.39 3.3 3.9 69.3 0.40
1668 1213.15 1216.52 3.4 3.7 70.0 0.39
1676 1217.15 1218.61 1.5 6.7 82.2 1.01
1686 1217.20 1219.48 2.3 4.1 88.1 0.50
1735 1217.45 1220.18 2.7 2.6 111.9 0.29
1786 1217.70 1220.50 2.8 2.7 109.3 0.29
1834 1217.94 1220.85 2.9 3.8 78.1 0.41
1844 1217.99 1221.00 3.0 3.7 78.5 0.39
1851 1222.00 1223.35 1.3 6.5 91.2 1.00
1861 1222.04 1224.17 2.1 4.0 96.2 0.49
1902 1222.24 1224.81 2.6 2.9 109.2 0.33
1943 1222.45 1225.15 2.7 2.7 110.9 0.30
1984 1222.65 1225.47 2.8 3.5 89.3 0.39
1994 1222.70 1225.59 2.9 3.4 88.2 0.38
2001 1226.70 1227.93 1.2 6.2 105.0 1.00
2011 1226.75 1228.73 2.0 4.1 104.0 0.53
2051 1226.95 1229.42 2.5 2.8 117.5 0.33
2092 1227.16 1229.79 2.6 3.2 100.7 0.36
2134 1227.37 1230.27 2.9 4.4 71.4 0.50
2143 1227.37 1228.24 0.9 17.8 52.7 3.47
2151 1233.41 1234.93 1.5 6.7 84.2 1.01
2161 1233.46 1235.78 2.3 4.3 87.3 0.53
2217 1233.74 1236.76 3.0 3.5 81.7 0.38
2273 1234.00 1237.34 3.3 3.4 77.9 0.35
2329 1234.30 1237.83 3.5 3.3 75.4 0.33
2383 1234.57 1238.31 3.7 4.7 50.9 0.46
2393 1234.57 1235.71 1.1 18.5 38.5 3.14
2401 1240.63 1242.31 1.7 7.2 66.5 1.01
2411 1240.64 1243.23 2.6 4.8 67.1 0.54
2455 1240.73 1244.21 3.5 5.4 47.6 0.55
2498 1240.81 1245.24 4.4 7.6 31.5 0.75
2532 1240.83 1246.51 5.7 4.7 35.7 0.39
2569 1240.94 1246.95 6.0 4.0 38.2 0.32
2600 1241.29 1247.14 5.9 5.0 35.6 0.42

* Minimum channel elevation for the n = 0.085 model includes sediment in basin

Table 5 - HEC-RAS Model Results Summary
Manning's n = 0.085 with D/S Boundary Condition: Known WSE = 1214-ft

 
 
 
 
 



TABLE 6:  CALCULATIONS FOR FREEBOARD BASED ON LACDPWH&SM AND LACFCDDM

SECTION YMAX YTOT= V (FPS) FLOW 
DEPTH (FT)

YAGG+ YGA+ CHANNEL 
TYPE

BOTTOM 
WIDTH (FT)

TOP WIDTH 
(FT)

YSE+ BEND 
COEFF

SIDE 
SLOPE RADIUS H/2 YDM

1176 2.5 0.0 1.52 7.27 0.0 0.0 2 52.46 85.53 0.0 0 2.20 0 0.0 2.5 DEFINITIONS
1251 2.5 0.0 1.11 6.49 0.0 0.0 2 90.91 119.8 0.0 0 2.08 0 0.0 2.5 YMAX = GREATER OF THE DM AND H&S HEIGHTS

1328 2.5 0.0 1.22 5.65 0.0 0.0 2 93.32 123.2 0.0 0 2.13 0 0.0 2.5 YTOT=TOTAL EMBANKMENT PROTECTION IN FEET BASED ON THE H&S 

1405 2.5 0.0 1.64 4.82 0.0 0.0 2 79.99 127.1 0.0 0 2.00 0 0.0 2.5 V(FPS) =VELOCITY IN FEET PER SECOND
1484 2.5 0.1 2.15 4.05 0.0 0.0 2 67.24 97.95 0.0 0 2.00 0 0.1 2.5 FLOW DEPTH=WATER DEPTH IN CHANNEL IN FEET
1494 2.5 0.1 2.31 3.96 0.0 0.0 2 61.86 93.96 0.0 0 2.05 0 0.1 2.5 YAGG=LONG TERM AGGRADATION IN FEET

1502 2.5 0.3 4.73 1.84 0.0 0.0 2 83.1 92.74 0.0 0 2.00 0 0.3 2.5 YGA=GENERAL AGGRADATION IN FEET

1512 2.5 0.2 4.07 2.16 0.0 0.0 2 81.08 92.75 0.0 0 2.00 0 0.2 2.5 CHANNEL TYPE=CHANNEL SHAPE/FLOW FACTOR:
1564 2.5 0.2 3.37 2.75 0.0 0.0 2 76.58 88.16 0.0 0 2.00 0 0.2 2.5      IF Fr<1, RECTANGULAR = 0; IF Fr>1, RECTANGULAR = 1; 
1611 2.5 0.2 3.49 3.01 0.0 0.0 2 65.04 80.19 0.0 0 2.42 0 0.2 2.5      IF Fr<1, TRAPEZOIDAL = 2; IF Fr>1, TRAPEZOIDAL = 3.
1658 2.5 0.2 3.86 3.29 0.0 0.0 2 50.87 69.29 0.0 0 2.60 0 0.2 2.5 YSE=SUPER ELEVATION IN FEET

1668 2.5 0.2 3.74 3.37 0.0 0.0 2 50.84 69.98 0.0 0 2.67 0 0.2 2.5 BEND COEFF=BEND COEFFICIENT; IF NO BEND=0, BEND=1
1676 2.5 0.6 6.71 1.46 0.0 0.0 2 73.66 82.18 0.0 0 2.85 0 0.6 2.5 SIDE SLOPE=CHANNEL SIDE SLOPE (H:V), UNITLESS
1686 2.5 0.2 4.12 2.28 0.0 0.0 2 74.34 88.09 0.0 0 3.00 0 0.2 2.5 BOTTOM WIDTH=CHANNEL BOTTOM WIDTH IN FEET, 2-YEAR WATER SURFACE
1735 2.5 0.1 2.64 2.73 0.0 0.0 2 100.45 111.87 0.0 0 2.02 0 0.1 2.5 RADIUS=RADIUS OF CURVATURE TO CENTERLINE IN FEET
1786 2.5 0.1 2.65 2.8 0.0 0.0 2 96.4 109.25 0.0 0 2.00 0 0.1 2.5 H/2=HALF BEDFORM HEIGHT IN FEET, LIMITED TO FLOW DEPTH, 
1834 2.5 0.2 3.78 2.91 0.0 0.0 2 60.62 78.13 0.0 0 3.00 0 0.2 2.5      AFTER KENNEDY (1963)
1844 2.5 0.2 3.65 3.01 0.0 0.0 2 60.56 78.52 0.0 0 2.98 0 0.2 2.5 YDM = EMBANKMENT PROTECTION REQUIRED BY THE LACFCDDM IN FEET
1851 2.5 0.6 6.48 1.35 0.0 0.0 2 83.72 91.23 0.0 0 2.57 0 0.6 2.5
1861 2.5 0.2 3.96 2.13 0.0 0.0 2 84.57 96.23 0.0 0 2.47 0 0.2 2.5 GENERAL
1902 2.5 0.1 2.89 2.57 0.0 0.0 2 96.64 109.15 0.0 0 2.01 0 0.1 2.5 THIS SPREADSHEET IS DESIGNED TO CALCULATE TOP PROTECTION (FREE BOARD)
1943 2.5 0.1 2.73 2.7 0.0 0.0 2 96.31 110.87 0.0 0 2.58 0 0.1 2.5 BASED ON LACDPW COUNTY HYDROLOGY MANUAL (1991) PAGES 5.8-5.9 AND ASSOCIATED 
1984 2.5 0.2 3.46 2.82 0.0 0.0 2 67.06 89.34 0.0 0 3.00 0 0.2 2.5 APPENDICES (SEDIMENTATION MANUAL).  ALL VELOCITIES ARE IN FPS, WITH NO MAXIMUM 
1994 2.5 0.2 3.44 2.89 0.0 0.0 2 65.52 88.15 0.0 0 3.00 0 0.2 2.5 VALUE.  THE USER SHOULD CONSIDER A PRACTICAL MAXIMUM OF APPROXIMATELY 
2001 2.5 0.5 6.18 1.23 0.0 0.0 2 95.13 104.95 0.0 0 3.00 0 0.5 2.5 20-30 FPS. THE PRESENT VERSION (8/05) WILL CALCULATE UP TO 100 VELOCITIES 
2011 2.5 0.2 4.06 1.98 0.0 0.0 2 86.22 103.96 0.0 0 3.00 0 0.2 2.5 AT ONE TIME.  LONG TERM AGGRADATION IS USER SUPPLIED.  GENERAL AGGRADATION IS
2051 2.5 0.1 2.81 2.47 0.0 0.0 2 102.2 117.54 0.0 0 2.00 0 0.1 2.5 ALSO USER SUPPLIED.  SUPER ELEVATION AT BENDS IS BASED ON LACFCDDM 
2092 2.5 0.1 3.16 2.63 0.0 0.0 2 83.13 100.69 0.0 0 2.21 0 0.1 2.5 EQUATIONS FOUND IN C-3.1.  BEDFORM HEIGHT, LIMITED TO FLOW DEPTH AFTER
2134 2.5 0.3 4.43 2.9 0.0 0.0 2 47.55 71.4 0.0 0 2.76 0 0.3 2.5 KENNEDY (1963), IS BASED ON EQUATIONS IN APPENDIX Q13.  IF FLOW IS SUPERCRITICAL
2143 2.5 0.4 17.78 0.87 0.0 0.0 2 45.66 52.67 0.0 0 2.59 0 0.4 2.5 SPREADSHEET REPORTS LACFCDDM TOTAL WALL HEIGHT INSTEAD OF FREEBOARD.
2151 2.5 0.6 6.66 1.52 0.0 0.0 2 67 84.18 0.0 0 3.00 0 0.6 2.5 LOS ANGELES COUNTY FLOOD CONTROL DISTRICT DESIGN MANUAL (LACFCDDM) VALUES
2161 2.5 0.2 4.29 2.32 0.0 0.0 2 66.28 87.33 0.0 0 3.00 0 0.2 2.5 ARE PRESENTED AS A PART OF LACH&SM CALCULATIONS.  THE SPREADSHEET CALCULATES
2217 2.5 0.2 3.52 3.02 0.0 0.0 2 61.86 81.74 0.0 0 2.00 0 0.2 2.5 THE GREATER OF THE TWO METHODOLOGIES.  BOTTOM WIDTH IS BASED ON THE 2-YEAR WATER 
2273 2.5 0.3 3.36 3.34 0.0 0.0 2 58.16 77.88 0.2 1 2.00 90 0.2 2.5 SURFACE AFTER ACOE PROCEDURES.
2329 2.5 0.3 3.29 3.53 0.0 0.0 2 56.12 75.39 0.2 1 2.00 90 0.1 2.5
2383 2.5 0.3 4.71 3.74 0.0 0.0 2 35.87 50.87 0.0 0 2.00 0 0.3 2.5 COLOR CODES
2393 2.5 0.6 18.48 1.14 0.0 0.0 2 33.86 38.47 0.0 0 2.00 0 0.6 2.5 OUTPUT
2401 2.5 0.7 7.21 1.68 0.0 0.0 2 59.73 66.52 0.0 0 2.00 0 0.7 2.5 DATA FROM HEC-RAS
2411 2.5 0.3 4.77 2.59 0.0 0.0 2 56.54 67.06 0.0 0 2.00 0 0.3 2.5 USER SUPPLIED DATA
2455 2.5 0.4 5.39 3.48 0.0 0.0 2 33.71 47.62 0.0 0 2.00 0 0.4 2.5 INTERMEDIATE CALCULATIONS (INDIVIDUAL SHEETS ONLY)
2498 2.5 0.8 7.6 4.43 0.0 0.0 2 13.82 31.53 0.0 0 2.00 0 0.8 2.5
2532 2.5 0.3 4.74 5.68 0.0 0.0 2 20.42 35.65 0.0 0 1.50 0 0.3 2.5
2569 2.5 0.2 4 6.01 0.0 0.0 2 24.44 38.24 0.0 0 1.50 0 0.2 2.5 DESIGNED BY DAVID A JAFFE, PHD, PE
2600 2.5 0.3 4.95 5.85 0.0 0.0 2 15.45 35.57 0.0 0 1.50 0 0.3 2.5 PACIFIC ADVANCED CIVIL ENGINEERING, INC

MAX= 2.5 0.8 0.2 0.8 2.5 AUGUST, 2005
MIN= 2.5 0.0 0.0 0.0 2.5 FEBRUARY, 2009, REVISED

Notes:
HEC-RAS data obtained from model using manning's n = 0.085 and downstream boundary control of known water surface elevation=1214-ft
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HEC-RAS 
Section

Min. Channel 
Elevation (ft)

Water Surface 
Elevation (ft)

Flow 
Depth (ft)

Channel 
Velocity (fps)

Top Width 
(ft)

Froude 
Number

1176 1206.73 1208.81 2.1 6.4 61.9 0.82
1251 1207.11 1209.47 2.4 3.4 100.7 0.40
1328 1207.49 1209.54 2.0 3.8 102.6 0.48
1405 1207.88 1209.58 1.7 5.4 86.8 0.74
1484 1208.27 1209.05 0.8 14.2 71.2 2.88
1494 1208.32 1209.01 0.7 17.5 65.6 3.78
1502 1212.32 1213.67 1.4 6.5 90.2 1.01
1512 1212.37 1213.81 1.4 6.2 88.9 0.93
1564 1212.63 1214.18 1.5 6.2 83.1 0.89
1611 1212.86 1214.13 1.3 8.8 71.4 1.40
1658 1213.10 1214.07 1.0 14.7 56.3 2.70
1668 1213.15 1213.97 0.8 17.5 55.5 3.49
1676 1217.15 1218.61 1.5 6.7 82.2 1.01
1686 1217.20 1218.88 1.7 5.7 84.5 0.80
1735 1217.45 1219.33 1.9 3.9 108.3 0.51
1786 1217.70 1219.39 1.7 4.5 104.2 0.62
1834 1217.94 1218.79 0.8 14.2 65.7 2.77
1844 1217.99 1218.69 0.7 17.5 64.7 3.75
1851 1222.00 1223.35 1.3 6.5 91.2 1.00
1861 1222.04 1223.61 1.6 5.5 93.2 0.79
1902 1222.24 1223.93 1.7 4.5 104.9 0.62
1943 1222.45 1224.04 1.6 4.8 104.9 0.68
1984 1222.65 1223.44 0.8 13.8 73.3 2.79
1994 1222.70 1223.35 0.6 17.2 70.6 3.82
2001 1226.70 1227.77 1.1 7.2 103.7 1.25
2011 1226.75 1228.06 1.3 6.3 98.0 1.01
2051 1226.95 1228.62 1.7 4.3 112.6 0.59
2092 1227.16 1228.05 0.9 10.0 89.1 1.89
2134 1227.37 1228.22 0.9 17.5 54.6 3.45
2143 1227.37 1228.13 0.8 20.8 51.7 4.34
2151 1233.41 1234.86 1.4 7.0 83.4 1.08
2161 1233.46 1235.00 1.5 6.8 80.3 1.00
2217 1233.74 1235.46 1.7 6.6 73.2 0.92
2273 1234.00 1235.81 1.8 6.6 68.9 0.90
2329 1234.30 1235.49 1.2 10.8 62.6 1.78
2383 1234.57 1235.67 1.1 18.2 40.3 3.14
2393 1234.57 1235.58 1.0 21.0 38.0 3.77
2401 1240.63 1242.02 1.4 8.8 65.4 1.34
2411 1240.64 1241.90 1.3 10.3 61.7 1.64
2455 1240.73 1242.23 1.5 13.9 39.7 2.08
2498 1240.81 1244.58 3.8 9.5 28.9 1.00
2532 1240.83 1245.64 4.8 5.8 33.4 0.52
2569 1240.94 1245.82 4.9 5.1 35.8 0.44
2600 1241.29 1245.56 4.3 7.5 30.8 0.73

Table 7 - HEC-RAS Model Results Summary
Manning's n = 0.025 with D/S Boundary Condition: Normal Depth Slope = 0.005

 
 
 
 
 
 



TABLE 8 - CALCULATIONS FOR TOTAL TOE-DOWN BY INDIVIDUAL ADJUSTMENT COMPONENT BASED ON LACSM AND LACFCDDM

SECTION Z MAX = Z TOT = V (FPS) FLOW DEPTH (FT) Z DEG + Z GS + PIER 
TYPE B ABUT 

TYPE A SOFT Z LS + BEND 
COEFF

HYD 
DEPTH E SLOPE TOP 

WIDTH RADIUS Z BS + Z I + H/2 Z DM =

1176 8 3.7 6.43 2.08 0.0 1.1 0 0.0 1 0.0 0 0.0 0 1.92 0.005002 61.9 0 0.0 2.0 0.6 8 DEFINITIONS
1251 6 2.6 3.37 2.36 0.0 0.5 0 0.0 1 0.0 0 0.0 0 2.25 0.001112 100.72 0 0.0 2.0 0.2 6 V(FPS) =VELOCITY IN FEET PER SECOND
1328 6 2.7 3.8 2.05 0.0 0.5 0 0.0 1 0.0 0 0.0 0 1.96 0.001685 102.6 0 0.0 2.0 0.2 6 ZMAX=GREATER OF ZTOT AND ZDM

1405 6 3.2 5.38 1.7 0.0 0.9 0 0.0 1 0.0 0 0.0 0 1.63 0.004301 86.8 0 0.0 2.0 0.4 6 ZTOT=TOTAL POTENTIAL VERTICAL ADJUSTMENT IN FEET
1484 6 2.0 0 0 0.0 0.0 0 0.0 1 0.0 0 0.0 0 0 0 0 0 0.0 2.0 0.0 6 ZDEG=LONG TERM DEGRADATION IN FEET
1494 6 2.0 0 0 0.0 0.0 0 0.0 1 0.0 0 0.0 0 0 0 0 0 0.0 2.0 0.0 6 ZGS=GENERAL SCOUR IN FEET
1502 8 3.7 6.51 1.35 0.0 1.1 0 0.0 1 0.0 0 0.0 0 1.3 0.008525 90.2 0 0.0 2.0 0.6 8 ZLS=LOCAL SCOUR IN FEET
1512 8 3.6 6.22 1.44 0.0 1.0 0 0.0 1 0.0 0 0.0 0 1.38 0.007179 88.9 0 0.0 2.0 0.5 8 PIER TYPE=PIER SHAPE FACTOR; IF NO PIERS=0
1564 8 3.5 6.16 1.55 0.0 1.0 0 0.0 1 0.0 0 0.0 0 1.49 0.006364 83.11 0 0.0 2.0 0.5 8     1.0=SQUARE NOSE; 0.9 ROUND NOSE; 0.9 CYLINDER; 
1611 8 4.4 8.78 1.27 0.0 1.7 0 0.0 1 0.0 0 0.0 0 1.22 0.016976 71.44 0 0.0 2.0 0.6 8     0.8 SHARP NOSE; 0.9 GROUP OF CYLINDERS
1658 6 2.0 0 0 0.0 0.0 0 0.0 1 0.0 0 0.0 0 0 0 0 0 0.0 2.0 0.0 6 FLOW DEPTH=WATER DEPTH IN CHANNEL IN FEET
1668 6 2.0 0 0 0.0 0.0 0 0.0 1 0.0 0 0.0 0 0 0 0 0 0.0 2.0 0.0 6 B=WIDTH OF PIERS IN FEET;  NO PIER=0
1676 8 3.8 6.71 1.46 0.0 1.2 0 0.0 1 0.0 0 0.0 0 1.38 0.008351 82.18 0 0.0 2.0 0.6 8 ABUT TYPE=VERT WALL FACTOR; IF VERT=2; NON VERT=1 
1686 6 3.4 5.73 1.68 0.0 0.9 0 0.0 1 0.0 0 0.0 0 1.58 0.005114 84.46 0 0.0 2.0 0.4 6 A=ABUTMENT PROTRUSION INTO FLOW PATH IN FEET
1735 6 2.8 3.9 1.88 0.0 0.6 0 0.0 1 0.0 0 0.0 0 1.81 0.00197 108.32 0 0.0 2.0 0.2 6 SOFT = SOFT BOTTOM AT A BRIDGE OR AN ABUTMENT
1786 6 2.9 4.49 1.69 0.0 0.7 0 0.0 1 0.0 0 0.0 0 1.63 0.003007 104.18 0 0.0 2.0 0.3 6        0 = HARD BOTTOM; 1 = SOFT BOTTOM
1834 6 2.0 0 0 0.0 0.0 0 0.0 1 0.0 0 0.0 0 0 0 0 0 0.0 2.0 0.0 6 ZBS=BEND SCOUR IN FEET
1844 6 2.0 0 0 0.0 0.0 0 0.0 1 0.0 0 0.0 0 0 0 0 0 0.0 2.0 0.0 6 BEND COEFF=BEND COEFFICIENT; IF NO BEND=0, BEND=1
1851 8 3.7 6.48 1.35 0.0 1.1 0 0.0 1 0.0 0 0.0 0 1.29 0.008499 91.23 0 0.0 2.0 0.6 8 HYD DEPTH=HYDRAULIC DEPTH IN FEET
1861 6 3.3 5.47 1.57 0.0 0.9 0 0.0 1 0.0 0 0.0 0 1.5 0.004986 93.16 0 0.0 2.0 0.4 6 E SLOPE=ENERGY SLOPE, UNITLESS
1902 6 2.9 4.47 1.69 0.0 0.7 0 0.0 1 0.0 0 0.0 0 1.63 0.002978 104.89 0 0.0 2.0 0.3 6 TOP WIDTH=CHANNEL TOP WIDTH IN FEET
1943 6 3.0 4.77 1.59 0.0 0.7 0 0.0 1 0.0 0 0.0 0 1.53 0.003688 104.9 0 0.0 2.0 0.3 6 RADIUS=RADIUS OF CURVATURE TO CENTERLINE IN FEET
1984 6 2.0 0 0 0.0 0.0 0 0.0 1 0.0 0 0.0 0 0 0 0 0 0.0 2.0 0.0 6 ZI=LOW-FLOW INCISEMENT IN FEET, MEASURED OR 2';  VALUE NOT LESS THAN 2'
1994 6 2.0 0 0 0.0 0.0 0 0.0 1 0.0 0 0.0 0 0 0 0 0 0.0 2.0 0.0 6 H=BEDFORM HEIGHT IN FEET, LIMITED TO FLOW DEPTH AFTER KENNEDY (1963)
2001 8 3.8 7.16 1.07 0.0 1.3 0 0.0 1 0.0 0 0.0 0 1.03 0.014052 103.66 0 0.0 2.0 0.5 8 ZDM=CUT OFF DEPTH REQUIRED BY LACFCDDM
2011 8 3.6 6.33 1.31 0.0 1.1 0 0.0 1 0.0 0 0.0 0 1.23 0.00866 97.95 0 0.0 2.0 0.5 8
2051 6 2.9 4.26 1.67 0.0 0.6 0 0.0 1 0.0 0 0.0 0 1.59 0.002779 112.56 0 0.0 2.0 0.2 6 GENERAL
2092 8 4.5 9.96 0.89 0.0 2.1 0 0.0 1 0.0 0 0.0 0 0.86 0.034507 89.08 0 0.0 2.0 0.4 8 THIS SPREADSHEET IS DESIGNED TO CALCULATE SCOUR PROTECTION (TOE DOWN)
2134 6 2.0 0 0 0.0 0.0 0 0.0 1 0.0 0 0.0 0 0 0 0 0 0.0 2.0 0.0 6 BASED ON LACDPW COUNTY SEDIMENTATION MANUAL (2006) PAGES 51-60 AND
2143 6 2.0 0 0 0.0 0.0 0 0.0 1 0.0 0 0.0 0 0 0 0 0 0.0 2.0 0.0 6 ASSOCIATED APPENDICES (APPENDIX C).  ALL VELOCITIES ARE IN FPS
2151 8 3.9 7.01 1.45 0.0 1.2 0 0.0 1 0.0 0 0.0 0 1.3 0.009809 83.41 0 0.0 2.0 0.7 8 THE PRESENT VERSION (05/08) WILL CALCULATE UP TO 100 SCOUR DEPTHS 
2161 8 3.8 6.75 1.54 0.0 1.2 0 0.0 1 0.0 0 0.0 0 1.41 0.008213 80.29 0 0.0 2.0 0.6 8 AT ONE TIME.  LONG TERM DEGRADATION IS USER SUPPLIED.  GENERAL SCOUR IS
2217 8 3.7 6.56 1.72 0.0 1.1 0 0.0 1 0.0 0 0.0 0 1.59 0.006648 73.19 0 0.0 2.0 0.6 8 TAKEN FROM APPENDIX C-3, INTERPOLATED.  LOCAL SCOUR AT BENDS AND ABUTMENTS 
2273 12 4.8 6.62 1.81 0.0 1.1 0 0.0 1 0.0 0 0.0 1 1.67 0.006328 68.87 90 1.1 2.0 0.6 12 ARE BASED ON LADWP EQUATIONS FOUND IN APP C-6-C-8.  BEND SCOUR IS BASED ON 
2329 15 5.7 10.76 1.19 0.0 2.3 0 0.0 1 0.0 0 0.0 1 1.13 0.02809 62.64 90 0.7 2.0 0.6 15 EQUATIONS IN APPENDIX C-7-C-8.  A LONGITUDINAL EXTENT BASED ON SECONDARY 
2383 6 2.0 0 0 0.0 0.0 0 0.0 1 0.0 0 0.0 0 0 0 0 0 0.0 2.0 0.0 6 CURRENTS IS NOT INCLUDED.  BEDFORM HEIGHT IS BASED ON EQUATIONS IN 
2393 6 2.0 0 0 0.0 0.0 0 0.0 1 0.0 0 0.0 0 0 0 0 0 0.0 2.0 0.0 6 APPENDIX C-9.  JULY 2005 REVISION INCLUDES CALCULATION FOR CUT OFF DEPTH BASED
2401 8 4.4 8.78 1.39 0.0 1.7 0 0.0 1 0.0 0 0.0 0 1.33 0.015138 65.36 0 0.0 2.0 0.7 8 ON LOS ANGELES COUNTY FLOOD CONTROL DISTRICT DESIGN MANUAL.  THE CALCULATION
2411 10 4.8 10.25 1.26 0.0 2.2 0 0.0 1 0.0 0 0.0 0 1.21 0.02343 61.66 0 0.0 2.0 0.6 10 DOES NOT CONSIDER ADJUSTMENTS TO CUT OFF DEPTH BASED ON TABLE F-06
2455 10 6.2 13.9 1.5 0.0 3.5 0 0.0 1 0.0 0 0.0 0 1.38 0.036334 39.69 0 0.0 2.0 0.8 10 THE OCTOBER, 2005 REVISION INCLUDES ADDITIONAL TOEDOWN AT BRIDGES/ABUTMENTS 
2498 8 5.1 9.47 3.77 0.0 1.9 0 0.0 1 0.0 0 0.0 0 2.79 0.007019 28.9 0 0.0 2.0 1.2 8 WITH SOFT BOTTOMS.  THE OCTOBER, 2006 REVISION INCLUDES BLOCKAGES AT BRIDGE PIERS.
2532 6 3.4 5.83 4.81 0.0 1.0 0 0.0 1 0.0 0 0.0 0 3.91 0.001767 33.43 0 0.0 2.0 0.5 6 THE MAY, REVISION INCLUDES THE ZMAX CALCULATION AND UPDATES FOR THE 
2569 6 3.2 5.13 4.88 0.0 0.8 0 0.0 1 0.0 0 0.0 0 4.16 0.001271 35.8 0 0.0 2.0 0.4 6 2006 SEDIMENTATION MANUAL.
2600 8 4.1 7.52 4.27 0.0 1.4 0 0.0 1 0.0 0 0.0 0 3.3 0.003588 30.77 0 0.0 2.0 0.8 8

MAXIMUM= 6.2 0.0 3.5 0.0 1.1 1.2 15 COLOR CODES
MINIMUM= 2.0 0.0 0.0 0.0 0.0 0.0 6 OUTPUT

DATA FROM HEC-RAS
USER SUPPLIED DATA

Notes: INTERMEDIATE CALCULATIONS (INDIVIDUAL SHEETS ONLY)
1.  HEC-RAS data obtained from model using manning's n = 0.025 and downstream boundary control of normal depth slope = 0.005
2.  Minimum required toe-down at grade control structures is determined using Drop Scour calculation spreadsheet (See Table 9)  

DESIGNED BY DAVID A JAFFE, PHD, PE
PACIFIC ADVANCED CIVIL ENGINEERING, INC
OCTOBER, 2004
OCTOBER, 2005, REVISED
OCTOBER, 2006, REVISED
MAY, 2008, REVISED
FEBRUARY, 2009, REVISED



TABLE 9 - CALCULATIONS FOR SCOUR PROTECTION AT DROP STRUCTURES

JUMP US EGL 
ELEVATION

DS EGL 
ELEVATION

EGL 
DROP VELOCITY DEPTH UNIT 

DISCHARGE
TAILWATER 

DEPTH
MEAN 

DIAMETER
VERONESE 

84
VERONESE 

85
MASON & 

ARUMUGAM AVERAGE MAXIMUM MINIMUM

# h h h V df q d d50 Z Z Z Zbar Zmax Zmin
1502 1214.33 1213.75 0.6 6.51 1.30 8.5 2.25 1.300 1.5 3.4 6.1 3.6 6.1 1.5
1676 1219.31 1218.74 0.6 6.71 1.38 9.3 1.49 1.300 2.4 4.4 6.8 4.5 6.8 2.4
1851 1224.00 1223.43 0.6 6.48 1.29 8.4 1.81 1.300 1.9 3.7 6.2 3.9 6.2 1.9
2001 1228.57 1227.94 0.6 7.16 1.03 7.4 1.63 1.300 1.9 3.7 5.7 3.7 5.7 1.9
2151 1235.62 1234.81 0.8 7.01 1.30 9.1 1.59 1.300 2.6 4.7 6.6 4.6 6.6 2.6
2401 1243.22 1242.40 0.8 8.78 1.33 11.7 1.67 1.300 3.1 5.5 7.9 5.5 7.9 3.1

DEFINITIONS COLOR CODES
JUMP =HEC-RAS SECTION NUMBER UPATREAM OF JUMP (UNITLESS) OUTPUT
US EGL ELEVATION=EGL ONE SECTION UPSTREAM OF THE STUCTURE (FT) DATA FROM HEC-RAS
DS EGL ELEVATION=EGL AT THE STRUCTURE BEFORE THE HYDRAULIC JUMP (FT) USER SUPPLIED DATA
EGL DROP=DIFFERENCE BETWEEN US AND DS EGL (FT) INTERMEDIATE CALCULATIONS (INDIVIDUAL SHEETS ONLY)
VELOCITY=VELOCITY UPSTREAM OF THE DROP (FPS)
DEPTH=DEPTH OF FLOW UPSTREAM OF THE DROP (FT)
UNIT DISCHARGE=DISCHARGE PER UNIT WIDTH = V*df (FT^2/S) DESIGNED BY DAVID A JAFFE, PHD, PE
TAILWATER DEPTH=DEPTH OF FLOW DOWNSTREAM OF THE DROP AND HYDRAULIC JUMP (FT) PACIFIC ADVANCED CIVIL ENGINEERING, INC
MEAN DIAMETER=d50 GRAIN SIZE OF THE BED AT THE DROP (MM) FEBRUARY, 2007
VERONESE84=DEPTH OF SCOUR DOWNSTREAM OF THE DROP STRUCTURE BASED ON VERONESE (1984) (FT) FEBRUARY, 2009, REVISED
VERONESE85=DEPTH OF SCOUR DOWNSTREAM OF THE DROP STRUCTURE BASED ON VERONESE (1985) (FT)
MASON & ARUMGAM=DEPTH OF SCOUR DOWNSTREAM OF THE DROP STRUCTURE BASED ON 
AVERAGE=AVERAGE OF THE THREE CALCULATION METHODOLOGIES (FT)
MAXIMUMMASON & ARUMGAM (1985) (FT)
MINIMUM=MINIMUM OF THE THREE CALCULATION METHODOLOGIES (FT)

GENERAL
THIS SPREADSHEET IS DESIGNED TO CALCULATE SCOUR PROTECTION (TOE DOWN)
BASED ON THREE PEER-REVIEWED, PUBLISHED STUDIES OF SCOUR AT DROP STRUCTURES
 ALL UNITS ARE IN ENGLISH FT/LBS/S EXCEPT d50 WHICH IS IN MM.
THE PRESENT VERSION (2/07) WILL CALCULATE UP TO 20 DROP STRUCTURE SCOUR DEPTHS 
AT ONE TIME.  THE PUBLICATIONS ARE VERONESE (1984), VERONESE (1985),
AND MASON & ARUMGAM (1985). 

DROP STRUCTURE DESIGN LENGTH IS CALCULATED SEPARATELY ON THE DROPLENGTH
TAB OF THIS WORKBOOK.
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5.0 Proposed Flood Protection/Bank Stabilization 
 
The proposed design for the drainage corridor will incorporate a series of grade control structures used to 
maintain a stable bed slope of 0.5% for velocity and erosion control.  Additionally, bank stabilization 
measures will also be provided along the channel banks to prevent the potential for lateral erosion of the 
channel.  A conceptual layout of the proposed channel design is shown in Figure 2.   
 
As shown in Figure 2, there are a total of six grade control structures spaced at intervals of approximately 
175-ft, and bank stabilization along both banks for the channel.  The two grade control structures located 
near the upstream end of the channel have a net drop height of six feet, and the remaining four structures 
have a net drop height of four feet.  The proposed bank stabilization design was estimated using 
LACDPW requirements for bank top and bank toe design. The top of bank elevations were determined 
using the flow depths resulting from the model using a manning’s roughness of 0.085 and a known water 
surface downstream boundary condition of 1214-ft (Results shown on Table 5).  A specified level of 
sedimentation was incorporated into the model to account for higher water surfaces caused by sediment 
build up within the basin.  The minimum freeboard was found to be 2.5-ft according to the LACDPW 
minimum freeboard calculation table (Results shown on Table 6).  The toe of bank elevations were 
determined using the flow velocities resulting from the model using a manning’s roughness of 0.025 and 
normal depth slope downstream boundary condition of 0.005 (Results shown on Table 7). 
 
Based on the minimum freeboard and toe-down calculations performed, minimum elevations for the top 
and toe of the proposed bank stabilization were established, as shown on Table 10 (Top of Bank) and 
Table 11 (Toe of Bank).  The minimum elevations were used to prepare a profile of the proposed channel 
design as shown on Figure 2.  Several areas were adjusted to provide smooth transitions between the 
grade control structures, resulting in top and toe elevations that exceed the minimum requirements 
calculated as part of the analyses discussed herein.  
 
For most of the channel (Sta. 15+02 to Sta. 23+54), the total bank stabilization is roughly between five to 
six feet above and below the proposed channel bed elevation.  Downstream of Sta. 15+02, the bank 
height is estimated to be around eight to nine feet above the invert due to the anticipated sediment 
loading and high water level in the sediment basin.  Upstream of Sta. 24+00, the bank height varies 
greatly in order to provide a smooth transition between the proposed bank stabilization and the existing 
concrete slope lining at the upstream end of the channel corridor.  The toe-down for this reach has been 
reduced to 6.5-ft, as shown on Figure 2, which is less than the minimum toe-down required shown on 
Table 11.  The channel bed in this reach will be armored with rock rip-rap to counteract high velocities 
likely to occur in this narrow channel reach; therefore, the toe-down provided as part of the design is less 
than that required for a soft-bottom channel. 
 
In addition to providing stabilization measures for both the channel bed and banks, there is an existing 
34-inch gas line that will require relocation as part of this project.  Currently, nearly 80 linear feet of the 
high pressure gas line that crosses the drainage corridor is exposed.  The proposed design requires the 
gas line to be dropped nearly 15-ft vertically to be below the toe elevation for the proposed bank 
stabilization.  In order to protect the gas line from future exposure, a grade control structure will be 
installed just downstream of gas line crossing, which will prevent potential erosion of the channel bed in 
this area. 
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HEC-RAS 
Section

WSE (ft)
n = 0.085

Freeboard (ft)
 (Table 6)

Calculated Min. Top 
Elevation (ft)

1176 1214.00 2.5 1216.50
1251 1214.06 2.5 1216.56
1328 1214.09 2.5 1216.59
1405 1214.14 2.5 1216.64
1484 1214.26 2.5 1216.76
1494 1214.28 2.5 1216.78
1502 1214.16 2.5 1216.66
1512 1214.53 2.5 1217.03
1564 1215.38 2.5 1217.88
1611 1215.87 2.5 1218.37
1658 1216.39 2.5 1218.89
1668 1216.52 2.5 1219.02
1676 1218.61 2.5 1221.11
1686 1219.48 2.5 1221.98
1735 1220.18 2.5 1222.68
1786 1220.50 2.5 1223.00
1834 1220.85 2.5 1223.35
1844 1221.00 2.5 1223.50
1851 1223.35 2.5 1225.85
1861 1224.17 2.5 1226.67
1902 1224.81 2.5 1227.31
1943 1225.15 2.5 1227.65
1984 1225.47 2.5 1227.97
1994 1225.59 2.5 1228.09
2001 1227.93 2.5 1230.43
2011 1228.73 2.5 1231.23
2051 1229.42 2.5 1231.92
2092 1229.79 2.5 1232.29
2134 1230.27 2.5 1232.77
2143 1228.24 2.5 1230.74
2151 1234.93 2.5 1237.43
2161 1235.78 2.5 1238.28
2217 1236.76 2.5 1239.26
2273 1237.34 2.5 1239.84
2329 1237.83 2.5 1240.33
2383 1238.31 2.5 1240.81
2393 1235.71 2.5 1238.21
2401 1242.31 2.5 1244.81
2411 1243.23 2.5 1245.73
2455 1244.21 2.5 1246.71
2498 1245.24 2.5 1247.74
2532 1246.51 2.5 1249.01
2569 1246.95 2.5 1249.45
2600 1247.14 2.5 1249.64

Table 10 - Calculated Minimum Top Elevations for Bank Stabilization
Known WSE = 1214-ft, n = 0.085, Q = 763-cfs
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HEC-RAS 
Section

Min. Channel 
Elevation (ft)

Channel Velocity 
(fps)

Toe-Down (ft)
(Tables 8 and 9)

Calculated Min. Toe 
Elevation (ft)

1176 1206.73 6.4 8.0 1198.73
1251 1207.11 3.4 6.0 1201.11
1328 1207.49 3.8 6.0 1201.49
1405 1207.88 5.4 6.0 1201.88
1484 1208.27 14.2 6.1 1202.17
1494 1208.32 17.5 6.1 1202.22
1502 1212.32 6.5 8.0 1204.32
1512 1212.37 6.2 8.0 1204.37
1564 1212.63 6.2 8.0 1204.63
1611 1212.86 8.8 8.0 1204.86
1658 1213.10 14.7 6.8 1206.30
1668 1213.15 17.5 6.8 1206.35
1676 1217.15 6.7 8.0 1209.15
1686 1217.20 5.7 6.0 1211.20
1735 1217.45 3.9 6.0 1211.45
1786 1217.70 4.5 6.0 1211.70
1834 1217.94 14.2 6.2 1211.74
1844 1217.99 17.5 6.2 1211.79
1851 1222.00 6.5 8.0 1214.00
1861 1222.04 5.5 6.0 1216.04
1902 1222.24 4.5 6.0 1216.24
1943 1222.45 4.8 6.0 1216.45
1984 1222.65 13.8 5.7 1216.95
1994 1222.70 17.2 5.7 1217.00
2001 1226.70 7.2 8.0 1218.70
2011 1226.75 6.3 8.0 1218.75
2051 1226.95 4.3 6.0 1220.95
2092 1227.16 10.0 10.0 1217.16
2134 1227.37 17.5 6.6 1220.77
2143 1227.37 20.8 6.6 1220.77
2151 1233.41 7.0 8.0 1225.41
2161 1233.46 6.8 8.0 1225.46
2217 1233.74 6.6 8.0 1225.74
2273 1234.00 6.6 12.0 1222.00
2329 1234.30 10.8 15.0 1219.30
2383 1234.57 18.2 7.9 1226.67
2393 1234.57 21.0 7.9 1226.67
2401 1240.63 8.8 8.0 1232.63
2411 1240.64 10.3 10.0 1230.64
2455 1240.73 13.9 10.0 1230.73
2498 1240.81 9.5 8.0 1232.81
2532 1240.83 5.8 6.0 1234.83
2569 1240.94 5.1 6.0 1234.94
2600 1241.29 7.5 8.0 1233.29

Table 11 - Calculated Minimum Toe Elevations for Bank Stabilization
Normal Depth Slope = 0.005, n = 0.025, Q = 763-cfs
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Appendix – HEC-RAS Model Output Data 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Proposed Condition Model with n = 0.060
 

Downstream Boundary Condition: 
Known WSE = 1214-ft 

 
 
 
 
 
 
 
 
 
 
 
 



 

HEC-RAS  Plan: Prop_0.060_KWSE   River: River   Reach: 1    Profile: Q50b
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
1 2600    Q50b 763.00 1241.29 1246.53 1244.83 1247.04 0.009675 5.75 132.73 33.70 0.51
1 2569    Q50b 763.00 1240.94 1246.47 1243.86 1246.78 0.004766 4.42 172.47 37.20 0.36
1 2532    Q50b 763.00 1240.83 1246.14 1244.04 1246.55 0.007173 5.16 147.81 34.69 0.44
1 2498    Q50b 763.00 1240.81 1244.58 1244.58 1245.97 0.040428 9.47 80.53 28.90 1.00
1 2455    Q50b 763.00 1240.73 1243.65 1243.12 1244.33 0.021332 6.61 115.47 45.39 0.73
1 2411    Q50b 763.00 1240.64 1242.97 1242.38 1243.41 0.017018 5.34 142.76 66.01 0.64
1 2401    Q50b 763.00 1240.63 1242.31 1242.31 1243.11 0.046292 7.21 105.87 66.52 1.01
1 2393    Q50b 763.00 1234.57 1235.64 1236.95 1241.73 0.642159 19.80 38.54 38.18 3.47
1 2383    Q50b 763.00 1234.57 1237.63 1236.87 1238.18 0.016189 5.94 128.40 48.14 0.64
1 2329    Q50b 763.00 1234.30 1237.27 1236.04 1237.52 0.007333 4.00 190.56 72.34 0.43
1 2273    Q50b 763.00 1234.00 1236.84 1235.69 1237.09 0.007918 4.04 188.71 74.90 0.45
1 2217    Q50b 763.00 1233.74 1236.34 1235.36 1236.61 0.009401 4.17 182.88 78.96 0.48
1 2161    Q50b 763.00 1233.46 1235.54 1235.00 1235.91 0.016919 4.84 157.72 85.19 0.63
1 2151    Q50b 763.00 1233.41 1234.93 1234.93 1235.61 0.048205 6.66 114.57 84.18 1.01
1 2143    Q50b 763.00 1227.37 1228.17 1229.30 1234.02 0.899279 19.41 39.32 52.12 3.94
1 2134    Q50b 763.00 1227.37 1228.75 1229.25 1230.42 0.132029 10.38 73.48 58.92 1.64
1 2092    Q50b 763.00 1227.16 1229.39 1228.51 1229.61 0.008962 3.78 201.99 98.04 0.46
1 2051    Q50b 763.00 1226.95 1229.11 1228.13 1229.28 0.006692 3.24 235.45 115.62 0.40
1 2011    Q50b 763.00 1226.75 1228.49 1228.06 1228.83 0.018817 4.65 163.97 101.86 0.65
1 2001    Q50b 763.00 1226.70 1227.93 1227.93 1228.53 0.050433 6.18 123.40 104.95 1.00
1 1994    Q50b 763.00 1222.70 1223.41 1224.26 1227.29 0.684813 15.81 48.27 71.06 3.38
1 1984    Q50b 763.00 1222.65 1225.01 1224.19 1225.29 0.011000 4.24 179.96 85.67 0.52
1 1943    Q50b 763.00 1222.45 1224.76 1223.68 1224.93 0.006018 3.21 237.33 108.81 0.38
1 1902    Q50b 763.00 1222.24 1224.49 1223.47 1224.66 0.006579 3.32 230.13 107.61 0.40
1 1861    Q50b 763.00 1222.04 1223.97 1223.38 1224.27 0.014418 4.41 173.01 95.11 0.58
1 1851    Q50b 763.00 1222.00 1223.35 1223.35 1224.00 0.048952 6.48 117.82 91.23 1.00
1 1844    Q50b 763.00 1217.99 1218.74 1219.64 1222.78 0.651588 16.13 47.32 65.06 3.33
1 1834    Q50b 763.00 1217.94 1220.35 1219.59 1220.69 0.012686 4.66 163.81 75.13 0.56
1 1786    Q50b 763.00 1217.70 1220.11 1218.93 1220.26 0.005319 3.11 245.23 107.45 0.36
1 1735    Q50b 763.00 1217.45 1219.86 1218.65 1220.00 0.004926 3.01 253.84 110.54 0.35
1 1686    Q50b 763.00 1217.20 1219.26 1218.65 1219.59 0.014652 4.60 166.01 86.78 0.59
1 1676    Q50b 763.00 1217.15 1218.61 1218.61 1219.31 0.048104 6.71 113.63 82.18 1.01
1 1668    Q50b 763.00 1213.15 1214.03 1214.99 1218.12 0.542927 16.22 47.04 55.84 3.11
1 1658    Q50b 763.00 1213.10 1215.85 1214.94 1216.20 0.011461 4.74 160.84 66.24 0.54
1 1611    Q50b 763.00 1212.86 1215.40 1214.45 1215.68 0.009465 4.20 181.53 77.82 0.48
1 1564    Q50b 763.00 1212.63 1214.99 1214.06 1215.23 0.008971 3.96 192.45 86.51 0.47
1 1512    Q50b 763.00 1212.37 1214.29 1213.75 1214.62 0.015984 4.62 165.18 91.45 0.61
1 1502    Q50b 763.00 1212.32 1213.69 1213.67 1214.33 0.046824 6.41 118.95 90.30 0.98
1 1494    Q50b 763.00 1208.32 1214.09 1209.95 1214.13 0.000607 1.71 446.22 92.91 0.14



HEC-RAS  Plan: Prop_0.060_KWSE   River: River   Reach: 1    Profile: Q50b (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
1 1484    Q50b 763.00 1208.27 1214.09 1209.82 1214.12 0.000513 1.60 477.64 97.05 0.13
1 1405    Q50b 763.00 1207.88 1214.06 1209.27 1214.09 0.000302 1.33 587.81 126.61 0.10
1 1328    Q50b 763.00 1207.49 1214.05 1208.75 1214.07 0.000188 1.08 709.72 123.01 0.08
1 1251    Q50b 763.00 1207.11 1214.04 1208.39 1214.06 0.000166 1.05 729.66 119.71 0.07
1 1176    Q50b 763.00 1206.73 1214.00 1208.56 1214.04 0.000374 1.52 501.61 85.53 0.11
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Proposed Condition Model with n = 0.085 
 

Downstream Boundary Condition: 
Known WSE = 1214-ft 

 
 
 
 
 
 
 
 
 
 
 
 



 

HEC-RAS  Plan: Prop_0.085_KWSE   River: River   Reach: 1    Profile: Q50b
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
1 2600    Q50b 763.00 1241.29 1247.14 1244.83 1247.52 0.012780 4.95 154.11 35.57 0.42
1 2569    Q50b 763.00 1240.94 1246.95 1243.86 1247.20 0.007178 4.00 190.52 38.24 0.32
1 2532    Q50b 763.00 1240.83 1246.51 1244.04 1246.86 0.011301 4.74 160.95 35.65 0.39
1 2498    Q50b 763.00 1240.81 1245.24 1244.58 1246.14 0.043914 7.60 100.43 31.53 0.75
1 2455    Q50b 763.00 1240.73 1244.21 1243.11 1244.66 0.023323 5.39 141.47 47.62 0.55
1 2411    Q50b 763.00 1240.64 1243.23 1242.38 1243.58 0.023969 4.77 159.86 67.06 0.54
1 2401    Q50b 763.00 1240.63 1242.31 1242.31 1243.11 0.092905 7.21 105.87 66.52 1.01
1 2393    Q50b 763.00 1234.57 1235.71 1236.95 1241.02 1.036711 18.48 41.28 38.47 3.14
1 2383    Q50b 763.00 1234.57 1238.31 1236.87 1238.65 0.016187 4.71 162.07 50.87 0.46
1 2329    Q50b 763.00 1234.30 1237.83 1236.04 1237.99 0.008118 3.29 231.79 75.39 0.33
1 2273    Q50b 763.00 1234.00 1237.34 1235.69 1237.52 0.009043 3.36 227.15 77.88 0.35
1 2217    Q50b 763.00 1233.74 1236.76 1235.36 1236.95 0.011219 3.52 216.85 81.74 0.38
1 2161    Q50b 763.00 1233.46 1235.78 1235.00 1236.06 0.023444 4.29 178.05 87.33 0.53
1 2151    Q50b 763.00 1233.41 1234.93 1234.93 1235.61 0.096744 6.66 114.57 84.18 1.01
1 2143    Q50b 763.00 1227.37 1228.24 1229.30 1233.15 1.368562 17.78 42.91 52.67 3.47
1 2134    Q50b 763.00 1227.37 1230.27 1229.25 1230.57 0.020143 4.43 172.22 71.40 0.50
1 2092    Q50b 763.00 1227.16 1229.79 1228.51 1229.94 0.010304 3.16 241.40 100.69 0.36
1 2051    Q50b 763.00 1226.95 1229.42 1228.13 1229.54 0.008538 2.81 271.60 117.54 0.33
1 2011    Q50b 763.00 1226.75 1228.73 1228.06 1228.98 0.024576 4.06 188.10 103.96 0.53
1 2001    Q50b 763.00 1226.70 1227.93 1227.93 1228.53 0.101216 6.18 123.40 104.95 1.00
1 1994    Q50b 763.00 1222.70 1225.59 1224.26 1225.77 0.011417 3.44 221.97 88.15 0.38
1 1984    Q50b 763.00 1222.65 1225.47 1224.19 1225.66 0.011865 3.46 220.57 89.34 0.39
1 1943    Q50b 763.00 1222.45 1225.15 1223.68 1225.26 0.007204 2.73 279.34 110.87 0.30
1 1902    Q50b 763.00 1222.24 1224.81 1223.47 1224.94 0.008486 2.89 264.37 109.15 0.33
1 1861    Q50b 763.00 1222.04 1224.17 1223.38 1224.42 0.020541 3.96 192.70 96.23 0.49
1 1851    Q50b 763.00 1222.00 1223.35 1223.35 1224.00 0.098245 6.48 117.82 91.23 1.00
1 1844    Q50b 763.00 1217.99 1221.00 1219.64 1221.20 0.012029 3.65 208.95 78.52 0.39
1 1834    Q50b 763.00 1217.94 1220.85 1219.59 1221.07 0.013366 3.78 202.01 78.13 0.41
1 1786    Q50b 763.00 1217.70 1220.50 1218.93 1220.61 0.006414 2.65 287.79 109.25 0.29
1 1735    Q50b 763.00 1217.45 1220.18 1218.65 1220.28 0.006504 2.64 289.34 111.87 0.29
1 1686    Q50b 763.00 1217.20 1219.48 1218.65 1219.74 0.020929 4.12 185.00 88.09 0.50
1 1676    Q50b 763.00 1217.15 1218.61 1218.61 1219.31 0.096541 6.71 113.63 82.18 1.01
1 1668    Q50b 763.00 1213.15 1216.52 1214.99 1216.74 0.011272 3.74 203.80 69.98 0.39
1 1658    Q50b 763.00 1213.10 1216.39 1214.94 1216.62 0.012293 3.86 197.79 69.29 0.40
1 1611    Q50b 763.00 1212.86 1215.87 1214.45 1216.06 0.010626 3.49 218.87 80.19 0.37
1 1564    Q50b 763.00 1212.63 1215.38 1214.06 1215.56 0.010731 3.37 226.63 88.16 0.37
1 1512    Q50b 763.00 1212.37 1214.53 1213.75 1214.78 0.021486 4.07 187.40 92.75 0.50
1 1502    Q50b 763.00 1212.32 1214.16 1213.67 1214.50 0.035239 4.73 161.47 92.74 0.63
1 1494    Q50b 763.00 1210.32 1214.28 1211.79 1214.37 0.003346 2.31 330.03 93.96 0.22



HEC-RAS  Plan: Prop_0.085_KWSE   River: River   Reach: 1    Profile: Q50b (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
1 1484    Q50b 763.00 1210.21 1214.26 1211.63 1214.33 0.002776 2.15 354.91 97.95 0.20
1 1405    Q50b 763.00 1209.32 1214.14 1210.65 1214.18 0.001229 1.64 478.39 127.10 0.14
1 1328    Q50b 763.00 1208.44 1214.09 1209.67 1214.12 0.000578 1.22 623.67 123.20 0.10
1 1251    Q50b 763.00 1207.57 1214.06 1208.84 1214.08 0.000401 1.11 689.42 119.80 0.08
1 1176    Q50b 763.00 1206.73 1214.00 1208.56 1214.04 0.000750 1.52 501.61 85.53 0.11
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Proposed Condition Model with n = 0.025 
 

Downstream Boundary Condition: 
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HEC-RAS  Plan: Prop_0.025_KWSE   River: River   Reach: 1    Profile: Q50b
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
1 2600    Q50b 763.00 1241.29 1245.56 1244.83 1246.43 0.003588 7.52 101.50 30.77 0.73
1 2569    Q50b 763.00 1240.94 1245.82 1243.86 1246.23 0.001271 5.13 148.80 35.80 0.44
1 2532    Q50b 763.00 1240.83 1245.64 1244.04 1246.17 0.001767 5.83 130.81 33.43 0.52
1 2498    Q50b 763.00 1240.81 1244.58 1244.58 1245.97 0.007019 9.47 80.53 28.90 1.00
1 2455    Q50b 763.00 1240.73 1242.23 1243.12 1245.23 0.036334 13.90 54.90 39.69 2.08
1 2411    Q50b 763.00 1240.64 1241.90 1242.38 1243.53 0.023430 10.25 74.44 61.66 1.64
1 2401    Q50b 763.00 1240.63 1242.02 1242.31 1243.22 0.015138 8.78 86.88 65.36 1.34
1 2393    Q50b 763.00 1234.57 1235.58 1236.95 1242.40 0.133451 20.95 36.42 37.96 3.77
1 2383    Q50b 763.00 1234.57 1235.67 1236.87 1240.81 0.090210 18.18 41.96 40.29 3.14
1 2329    Q50b 763.00 1234.30 1235.49 1236.04 1237.29 0.028090 10.76 70.88 62.64 1.78
1 2273    Q50b 763.00 1234.00 1235.81 1235.69 1236.50 0.006328 6.62 115.23 68.87 0.90
1 2217    Q50b 763.00 1233.74 1235.46 1235.36 1236.13 0.006648 6.56 116.27 73.19 0.92
1 2161    Q50b 763.00 1233.46 1235.00 1235.00 1235.71 0.008213 6.75 113.09 80.29 1.00
1 2151    Q50b 763.00 1233.41 1234.86 1234.93 1235.62 0.009809 7.01 108.83 83.41 1.08
1 2143    Q50b 763.00 1227.37 1228.13 1229.30 1234.81 0.193168 20.75 36.77 51.73 4.34
1 2134    Q50b 763.00 1227.37 1228.22 1229.25 1232.97 0.117289 17.48 43.64 54.59 3.45
1 2092    Q50b 763.00 1227.16 1228.05 1228.51 1229.59 0.034507 9.96 76.59 89.08 1.89
1 2051    Q50b 763.00 1226.95 1228.62 1228.13 1228.90 0.002779 4.26 179.23 112.56 0.59
1 2011    Q50b 763.00 1226.75 1228.06 1228.06 1228.68 0.008660 6.33 120.45 97.95 1.01
1 2001    Q50b 763.00 1226.70 1227.77 1227.93 1228.57 0.014052 7.16 106.53 103.66 1.25
1 1994    Q50b 763.00 1222.70 1223.35 1224.26 1227.94 0.156033 17.19 44.37 70.63 3.82
1 1984    Q50b 763.00 1222.65 1223.44 1224.19 1226.38 0.077953 13.75 55.47 73.30 2.79
1 1943    Q50b 763.00 1222.45 1224.04 1223.68 1224.39 0.003688 4.77 160.07 104.90 0.68
1 1902    Q50b 763.00 1222.24 1223.93 1223.47 1224.25 0.002978 4.47 170.73 104.89 0.62
1 1861    Q50b 763.00 1222.04 1223.61 1223.38 1224.07 0.004986 5.47 139.47 93.16 0.79
1 1851    Q50b 763.00 1222.00 1223.35 1223.35 1224.00 0.008499 6.48 117.82 91.23 1.00
1 1844    Q50b 763.00 1217.99 1218.69 1219.64 1223.43 0.146611 17.47 43.68 64.73 3.75
1 1834    Q50b 763.00 1217.94 1218.79 1219.59 1221.93 0.075254 14.21 53.70 65.73 2.77
1 1786    Q50b 763.00 1217.70 1219.39 1218.93 1219.71 0.003007 4.49 169.80 104.18 0.62
1 1735    Q50b 763.00 1217.45 1219.33 1218.65 1219.56 0.001970 3.90 195.87 108.32 0.51
1 1686    Q50b 763.00 1217.20 1218.88 1218.65 1219.39 0.005114 5.73 133.12 84.46 0.80
1 1676    Q50b 763.00 1217.15 1218.61 1218.61 1219.31 0.008351 6.71 113.63 82.18 1.01
1 1668    Q50b 763.00 1213.15 1213.97 1214.99 1218.74 0.121169 17.54 43.51 55.48 3.49
1 1658    Q50b 763.00 1213.10 1214.07 1214.94 1217.43 0.068782 14.71 51.89 56.29 2.70
1 1611    Q50b 763.00 1212.86 1214.13 1214.45 1215.33 0.016976 8.78 86.87 71.44 1.40
1 1564    Q50b 763.00 1212.63 1214.18 1214.06 1214.77 0.006364 6.16 123.96 83.11 0.89
1 1512    Q50b 763.00 1212.37 1213.81 1213.75 1214.41 0.007179 6.22 122.71 88.90 0.93
1 1502    Q50b 763.00 1212.32 1213.67 1213.67 1214.33 0.008525 6.51 117.21 90.20 1.01
1 1494    Q50b 763.00 1208.32 1214.02 1209.95 1214.06 0.000110 1.74 439.62 92.53 0.14



HEC-RAS  Plan: Prop_0.025_KWSE   River: River   Reach: 1    Profile: Q50b (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
1 1484    Q50b 763.00 1208.27 1214.02 1209.82 1214.06 0.000093 1.62 471.21 96.71 0.13
1 1405    Q50b 763.00 1207.88 1214.02 1209.27 1214.05 0.000054 1.34 582.69 126.36 0.10
1 1328    Q50b 763.00 1207.49 1214.03 1208.75 1214.04 0.000033 1.08 706.54 122.90 0.08
1 1251    Q50b 763.00 1207.11 1214.02 1208.39 1214.04 0.000029 1.05 727.90 119.65 0.07
1 1176    Q50b 763.00 1206.73 1214.00 1208.56 1214.04 0.000065 1.52 501.61 85.53 0.11
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Proposed Condition Model with n = 0.060
 

Downstream Boundary Condition: 
Normal Depth Slope = 0.005 

 
 
 
 
 
 
 
 
 
 
 
 



 

HEC-RAS  Plan: Prop_0.060_ND   River: River   Reach: 1    Profile: Q50b
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
1 2600    Q50b 763.00 1241.29 1246.53 1244.83 1247.04 0.009675 5.75 132.73 33.70 0.51
1 2569    Q50b 763.00 1240.94 1246.47 1243.86 1246.78 0.004766 4.42 172.47 37.20 0.36
1 2532    Q50b 763.00 1240.83 1246.14 1244.04 1246.55 0.007173 5.16 147.81 34.69 0.44
1 2498    Q50b 763.00 1240.81 1244.58 1244.58 1245.97 0.040428 9.47 80.53 28.90 1.00
1 2455    Q50b 763.00 1240.73 1243.65 1243.12 1244.33 0.021332 6.61 115.47 45.39 0.73
1 2411    Q50b 763.00 1240.64 1242.97 1242.38 1243.41 0.017018 5.34 142.76 66.01 0.64
1 2401    Q50b 763.00 1240.63 1242.31 1242.31 1243.11 0.046292 7.21 105.87 66.52 1.01
1 2393    Q50b 763.00 1234.57 1235.64 1236.95 1241.73 0.642159 19.80 38.54 38.18 3.47
1 2383    Q50b 763.00 1234.57 1237.63 1236.87 1238.18 0.016189 5.94 128.40 48.14 0.64
1 2329    Q50b 763.00 1234.30 1237.27 1236.04 1237.52 0.007333 4.00 190.56 72.34 0.43
1 2273    Q50b 763.00 1234.00 1236.84 1235.69 1237.09 0.007918 4.04 188.71 74.90 0.45
1 2217    Q50b 763.00 1233.74 1236.34 1235.36 1236.61 0.009401 4.17 182.88 78.96 0.48
1 2161    Q50b 763.00 1233.46 1235.54 1235.00 1235.91 0.016919 4.84 157.72 85.19 0.63
1 2151    Q50b 763.00 1233.41 1234.93 1234.93 1235.61 0.048205 6.66 114.57 84.18 1.01
1 2143    Q50b 763.00 1227.37 1228.17 1229.30 1234.02 0.899279 19.41 39.32 52.12 3.94
1 2134    Q50b 763.00 1227.37 1228.75 1229.25 1230.42 0.132029 10.38 73.48 58.92 1.64
1 2092    Q50b 763.00 1227.16 1229.39 1228.51 1229.61 0.008962 3.78 201.99 98.04 0.46
1 2051    Q50b 763.00 1226.95 1229.11 1228.13 1229.28 0.006692 3.24 235.45 115.62 0.40
1 2011    Q50b 763.00 1226.75 1228.49 1228.06 1228.83 0.018817 4.65 163.97 101.86 0.65
1 2001    Q50b 763.00 1226.70 1227.93 1227.93 1228.53 0.050433 6.18 123.40 104.95 1.00
1 1994    Q50b 763.00 1222.70 1223.41 1224.26 1227.29 0.684813 15.81 48.27 71.06 3.38
1 1984    Q50b 763.00 1222.65 1225.01 1224.19 1225.29 0.011000 4.24 179.96 85.67 0.52
1 1943    Q50b 763.00 1222.45 1224.76 1223.68 1224.93 0.006018 3.21 237.33 108.81 0.38
1 1902    Q50b 763.00 1222.24 1224.49 1223.47 1224.66 0.006579 3.32 230.13 107.61 0.40
1 1861    Q50b 763.00 1222.04 1223.97 1223.38 1224.27 0.014418 4.41 173.01 95.11 0.58
1 1851    Q50b 763.00 1222.00 1223.35 1223.35 1224.00 0.048952 6.48 117.82 91.23 1.00
1 1844    Q50b 763.00 1217.99 1218.74 1219.64 1222.78 0.651588 16.13 47.32 65.06 3.33
1 1834    Q50b 763.00 1217.94 1220.35 1219.59 1220.69 0.012686 4.66 163.81 75.13 0.56
1 1786    Q50b 763.00 1217.70 1220.11 1218.93 1220.26 0.005319 3.11 245.23 107.45 0.36
1 1735    Q50b 763.00 1217.45 1219.86 1218.65 1220.00 0.004926 3.01 253.84 110.54 0.35
1 1686    Q50b 763.00 1217.20 1219.26 1218.65 1219.59 0.014652 4.60 166.01 86.78 0.59
1 1676    Q50b 763.00 1217.15 1218.61 1218.61 1219.31 0.048104 6.71 113.63 82.18 1.01
1 1668    Q50b 763.00 1213.15 1214.03 1214.99 1218.12 0.542927 16.22 47.04 55.84 3.11
1 1658    Q50b 763.00 1213.10 1215.85 1214.94 1216.20 0.011458 4.74 160.85 66.24 0.54
1 1611    Q50b 763.00 1212.86 1215.40 1214.45 1215.68 0.009462 4.20 181.55 77.82 0.48
1 1564    Q50b 763.00 1212.63 1214.99 1214.06 1215.24 0.008960 3.96 192.52 86.52 0.47
1 1512    Q50b 763.00 1212.37 1214.29 1213.75 1214.62 0.015789 4.60 165.81 91.48 0.60
1 1502    Q50b 763.00 1212.32 1213.67 1213.67 1214.33 0.049104 6.51 117.21 90.20 1.01
1 1494    Q50b 763.00 1208.32 1209.06 1209.95 1213.08 0.658220 16.09 47.41 65.86 3.34



HEC-RAS  Plan: Prop_0.060_ND   River: River   Reach: 1    Profile: Q50b (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
1 1484    Q50b 763.00 1208.27 1211.19 1209.82 1211.38 0.005551 3.50 217.89 82.19 0.38
1 1405    Q50b 763.00 1207.88 1210.87 1209.27 1211.01 0.003705 2.96 257.42 91.95 0.31
1 1328    Q50b 763.00 1207.49 1210.69 1208.75 1210.78 0.002161 2.37 322.14 107.82 0.24
1 1251    Q50b 763.00 1207.11 1210.55 1208.39 1210.63 0.001805 2.26 337.03 105.20 0.22
1 1176    Q50b 763.00 1206.73 1210.20 1208.56 1210.40 0.005003 3.65 209.27 68.24 0.37
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Proposed Condition Model with n = 0.085 
 

Downstream Boundary Condition: 
Normal Depth Slope = 0.005 

 
 
 
 
 
 
 
 
 
 
 
 



 

HEC-RAS  Plan: Prop_0.085_ND   River: River   Reach: 1    Profile: Q50b
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
1 2600    Q50b 763.00 1241.29 1247.14 1244.83 1247.52 0.012780 4.95 154.11 35.57 0.42
1 2569    Q50b 763.00 1240.94 1246.95 1243.86 1247.20 0.007178 4.00 190.52 38.24 0.32
1 2532    Q50b 763.00 1240.83 1246.51 1244.04 1246.86 0.011301 4.74 160.95 35.65 0.39
1 2498    Q50b 763.00 1240.81 1245.24 1244.58 1246.14 0.043914 7.60 100.43 31.53 0.75
1 2455    Q50b 763.00 1240.73 1244.21 1243.11 1244.66 0.023323 5.39 141.47 47.62 0.55
1 2411    Q50b 763.00 1240.64 1243.23 1242.38 1243.58 0.023969 4.77 159.86 67.06 0.54
1 2401    Q50b 763.00 1240.63 1242.31 1242.31 1243.11 0.092905 7.21 105.87 66.52 1.01
1 2393    Q50b 763.00 1234.57 1235.71 1236.95 1241.02 1.036711 18.48 41.28 38.47 3.14
1 2383    Q50b 763.00 1234.57 1238.31 1236.87 1238.65 0.016187 4.71 162.07 50.87 0.46
1 2329    Q50b 763.00 1234.30 1237.83 1236.04 1237.99 0.008118 3.29 231.79 75.39 0.33
1 2273    Q50b 763.00 1234.00 1237.34 1235.69 1237.52 0.009043 3.36 227.15 77.88 0.35
1 2217    Q50b 763.00 1233.74 1236.76 1235.36 1236.95 0.011219 3.52 216.85 81.74 0.38
1 2161    Q50b 763.00 1233.46 1235.78 1235.00 1236.06 0.023444 4.29 178.05 87.33 0.53
1 2151    Q50b 763.00 1233.41 1234.93 1234.93 1235.61 0.096744 6.66 114.57 84.18 1.01
1 2143    Q50b 763.00 1227.37 1228.24 1229.30 1233.15 1.368562 17.78 42.91 52.67 3.47
1 2134    Q50b 763.00 1227.37 1230.27 1229.25 1230.57 0.020143 4.43 172.22 71.40 0.50
1 2092    Q50b 763.00 1227.16 1229.79 1228.51 1229.94 0.010304 3.16 241.40 100.69 0.36
1 2051    Q50b 763.00 1226.95 1229.42 1228.13 1229.54 0.008538 2.81 271.60 117.54 0.33
1 2011    Q50b 763.00 1226.75 1228.73 1228.06 1228.98 0.024576 4.06 188.10 103.96 0.53
1 2001    Q50b 763.00 1226.70 1227.93 1227.93 1228.53 0.101216 6.18 123.40 104.95 1.00
1 1994    Q50b 763.00 1222.70 1225.59 1224.26 1225.77 0.011417 3.44 221.97 88.15 0.38
1 1984    Q50b 763.00 1222.65 1225.47 1224.19 1225.66 0.011865 3.46 220.57 89.34 0.39
1 1943    Q50b 763.00 1222.45 1225.15 1223.68 1225.26 0.007204 2.73 279.34 110.87 0.30
1 1902    Q50b 763.00 1222.24 1224.81 1223.47 1224.94 0.008486 2.89 264.37 109.15 0.33
1 1861    Q50b 763.00 1222.04 1224.17 1223.38 1224.42 0.020541 3.96 192.70 96.23 0.49
1 1851    Q50b 763.00 1222.00 1223.35 1223.35 1224.00 0.098245 6.48 117.82 91.23 1.00
1 1844    Q50b 763.00 1217.99 1221.00 1219.64 1221.20 0.012029 3.65 208.95 78.52 0.39
1 1834    Q50b 763.00 1217.94 1220.85 1219.59 1221.07 0.013366 3.78 202.01 78.13 0.41
1 1786    Q50b 763.00 1217.70 1220.50 1218.93 1220.61 0.006414 2.65 287.79 109.25 0.29
1 1735    Q50b 763.00 1217.45 1220.18 1218.65 1220.28 0.006504 2.64 289.34 111.87 0.29
1 1686    Q50b 763.00 1217.20 1219.48 1218.65 1219.74 0.020929 4.12 185.00 88.09 0.50
1 1676    Q50b 763.00 1217.15 1218.61 1218.61 1219.31 0.096541 6.71 113.63 82.18 1.01
1 1668    Q50b 763.00 1213.15 1216.52 1214.99 1216.74 0.011275 3.74 203.78 69.97 0.39
1 1658    Q50b 763.00 1213.10 1216.39 1214.94 1216.62 0.012299 3.86 197.75 69.29 0.40
1 1611    Q50b 763.00 1212.86 1215.87 1214.45 1216.06 0.010636 3.49 218.81 80.19 0.37
1 1564    Q50b 763.00 1212.63 1215.38 1214.06 1215.56 0.010754 3.37 226.48 88.15 0.37
1 1512    Q50b 763.00 1212.37 1214.52 1213.75 1214.78 0.021860 4.09 186.39 92.69 0.51
1 1502    Q50b 763.00 1212.32 1213.67 1213.67 1214.33 0.098192 6.50 117.34 90.21 1.00
1 1494    Q50b 763.00 1210.32 1212.93 1211.79 1213.14 0.013924 3.67 207.96 86.69 0.42



HEC-RAS  Plan: Prop_0.085_ND   River: River   Reach: 1    Profile: Q50b (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
1 1484    Q50b 763.00 1210.21 1212.81 1211.63 1213.00 0.012502 3.49 218.55 90.53 0.40
1 1405    Q50b 763.00 1209.32 1211.99 1210.65 1212.14 0.009596 3.14 242.81 96.42 0.35
1 1328    Q50b 763.00 1208.44 1211.55 1209.67 1211.64 0.004403 2.35 325.15 111.70 0.24
1 1251    Q50b 763.00 1207.57 1211.31 1208.84 1211.37 0.002626 2.03 375.68 108.36 0.19
1 1176    Q50b 763.00 1206.73 1210.97 1208.56 1211.10 0.005005 2.90 263.49 71.76 0.27
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Proposed Condition Model with n = 0.025  
 

Downstream Boundary Condition: 
Normal Depth Slope = 0.005 

 
 
 
 
 
 
 
 
 
 
 
 



 

HEC-RAS  Plan: Prop_0.025_ND   River: River   Reach: 1    Profile: Q50b
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
1 2600    Q50b 763.00 1241.29 1245.56 1244.83 1246.43 0.003588 7.52 101.50 30.77 0.73
1 2569    Q50b 763.00 1240.94 1245.82 1243.86 1246.23 0.001271 5.13 148.80 35.80 0.44
1 2532    Q50b 763.00 1240.83 1245.64 1244.04 1246.17 0.001767 5.83 130.81 33.43 0.52
1 2498    Q50b 763.00 1240.81 1244.58 1244.58 1245.97 0.007019 9.47 80.53 28.90 1.00
1 2455    Q50b 763.00 1240.73 1242.23 1243.12 1245.23 0.036334 13.90 54.90 39.69 2.08
1 2411    Q50b 763.00 1240.64 1241.90 1242.38 1243.53 0.023430 10.25 74.44 61.66 1.64
1 2401    Q50b 763.00 1240.63 1242.02 1242.31 1243.22 0.015138 8.78 86.88 65.36 1.34
1 2393    Q50b 763.00 1234.57 1235.58 1236.95 1242.40 0.133451 20.95 36.42 37.96 3.77
1 2383    Q50b 763.00 1234.57 1235.67 1236.87 1240.81 0.090210 18.18 41.96 40.29 3.14
1 2329    Q50b 763.00 1234.30 1235.49 1236.04 1237.29 0.028090 10.76 70.88 62.64 1.78
1 2273    Q50b 763.00 1234.00 1235.81 1235.69 1236.50 0.006328 6.62 115.23 68.87 0.90
1 2217    Q50b 763.00 1233.74 1235.46 1235.36 1236.13 0.006648 6.56 116.27 73.19 0.92
1 2161    Q50b 763.00 1233.46 1235.00 1235.00 1235.71 0.008213 6.75 113.09 80.29 1.00
1 2151    Q50b 763.00 1233.41 1234.86 1234.93 1235.62 0.009809 7.01 108.83 83.41 1.08
1 2143    Q50b 763.00 1227.37 1228.13 1229.30 1234.81 0.193168 20.75 36.77 51.73 4.34
1 2134    Q50b 763.00 1227.37 1228.22 1229.25 1232.97 0.117289 17.48 43.64 54.59 3.45
1 2092    Q50b 763.00 1227.16 1228.05 1228.51 1229.59 0.034507 9.96 76.59 89.08 1.89
1 2051    Q50b 763.00 1226.95 1228.62 1228.13 1228.90 0.002779 4.26 179.23 112.56 0.59
1 2011    Q50b 763.00 1226.75 1228.06 1228.06 1228.68 0.008660 6.33 120.45 97.95 1.01
1 2001    Q50b 763.00 1226.70 1227.77 1227.93 1228.57 0.014052 7.16 106.53 103.66 1.25
1 1994    Q50b 763.00 1222.70 1223.35 1224.26 1227.94 0.156033 17.19 44.37 70.63 3.82
1 1984    Q50b 763.00 1222.65 1223.44 1224.19 1226.38 0.077953 13.75 55.47 73.30 2.79
1 1943    Q50b 763.00 1222.45 1224.04 1223.68 1224.39 0.003688 4.77 160.07 104.90 0.68
1 1902    Q50b 763.00 1222.24 1223.93 1223.47 1224.25 0.002978 4.47 170.73 104.89 0.62
1 1861    Q50b 763.00 1222.04 1223.61 1223.38 1224.07 0.004986 5.47 139.47 93.16 0.79
1 1851    Q50b 763.00 1222.00 1223.35 1223.35 1224.00 0.008499 6.48 117.82 91.23 1.00
1 1844    Q50b 763.00 1217.99 1218.69 1219.64 1223.43 0.146611 17.47 43.68 64.73 3.75
1 1834    Q50b 763.00 1217.94 1218.79 1219.59 1221.93 0.075254 14.21 53.70 65.73 2.77
1 1786    Q50b 763.00 1217.70 1219.39 1218.93 1219.71 0.003007 4.49 169.80 104.18 0.62
1 1735    Q50b 763.00 1217.45 1219.33 1218.65 1219.56 0.001970 3.90 195.87 108.32 0.51
1 1686    Q50b 763.00 1217.20 1218.88 1218.65 1219.39 0.005114 5.73 133.12 84.46 0.80
1 1676    Q50b 763.00 1217.15 1218.61 1218.61 1219.31 0.008351 6.71 113.63 82.18 1.01
1 1668    Q50b 763.00 1213.15 1213.97 1214.99 1218.74 0.121169 17.54 43.51 55.48 3.49
1 1658    Q50b 763.00 1213.10 1214.07 1214.94 1217.43 0.068782 14.71 51.89 56.29 2.70
1 1611    Q50b 763.00 1212.86 1214.13 1214.45 1215.33 0.016976 8.78 86.87 71.44 1.40
1 1564    Q50b 763.00 1212.63 1214.18 1214.06 1214.77 0.006364 6.16 123.96 83.11 0.89
1 1512    Q50b 763.00 1212.37 1213.81 1213.75 1214.41 0.007179 6.22 122.71 88.90 0.93
1 1502    Q50b 763.00 1212.32 1213.67 1213.67 1214.33 0.008525 6.51 117.21 90.20 1.01
1 1494    Q50b 763.00 1208.32 1209.01 1209.95 1213.75 0.149618 17.48 43.64 65.55 3.78



HEC-RAS  Plan: Prop_0.025_ND   River: River   Reach: 1    Profile: Q50b (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
1 1484    Q50b 763.00 1208.27 1209.05 1209.82 1212.17 0.083234 14.18 53.80 71.22 2.88
1 1405    Q50b 763.00 1207.88 1209.58 1209.27 1210.03 0.004301 5.38 141.91 86.80 0.74
1 1328    Q50b 763.00 1207.49 1209.54 1208.75 1209.77 0.001685 3.80 200.92 102.60 0.48
1 1251    Q50b 763.00 1207.11 1209.47 1208.39 1209.65 0.001112 3.37 226.12 100.72 0.40
1 1176    Q50b 763.00 1206.73 1208.81 1208.56 1209.45 0.005002 6.43 118.71 61.90 0.82
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